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PREFACK, 


THE present volume deals principally with the stratigraphical and 
paleontological characteristics of the Upper Chalk. It forms 
the third and concluding volume of Mr. Jukes-Browne’s mono- 
graphic work on the Upper Cretaceous Rocks of England. After 
giving a general account of the Upper Chalk, the author describes 
the stratigraphical features of this stage as it is developed in 
different portions of the country, and the several chapters of this 
part of fie work have been made to coincide as nearly as 
possible with county divisions, for convenience of reference. On 
this as on previous occasions the Geological Survey has received 
great assistance from Mr. William Hill, whose detailed investiga- 
tions on the microscopical structure and composition of the 
different zones of the Upper Chalk are published in the present 
volume. The concluding chapters deal with the physical 
features, economic products and hydrographic characteristics of 
the Chalk formation as a whole. 


A work of this kind is necessarily based to a great extent on 
the labours of previous observers, and a general bibliography re- 
lating to the Caper Cretaceous Rocks of England, therefore, 
finds a fitting place at the end of the present volume, which is the 


last of the series. 


In this preface it is unnecessary to refer to the earlier workers, 
who have laid the foundation of our knowledge of the Upper 
Chalk, but it is impossible to avoid all reference to the brilliant 
researches of Dr. Arthur Rowe, whose papers have been published 
during the preparation of this volume. The result of these 
researches, which have greatly extended our knowledge of 
the White Chalk of England, have been incorporated as far as 
possible in the present volume, but the original papers are so 
concise and so admirably illustrated that they must be consulted 
by all future workers on this formation. 


The preparation and revision of the General List of fossils 
found in the Chalk has occupied a great deal of time, and it is 
hoped that the information thus brought together as regards the 
zonal range and the geographical distribution of the fossils will 
be appreciated by students of the Cretaceous fauna, 


The fossils collected by the Survey have been named by Mr. 
E. T. Newton with the assistance of Mr. H. A. Allen and Dr. F. L. 
Kitchin, and Mr. Newton has revised the synonymy in the 
General List and in the other lists throughout the volume. 
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The author is indebted to Mr. F. Chapman (now of Melbourne) 
for examining and naming the Foraminifera and Ostracoda 
which were isolated by Mr. Hill, and he likewise acknowledges most 
gratefully the assistance he has received from Dr. H. P. Black- 
more, Mr. R. M. Brydone, Mr. A. Burnet (of Leeds), Mr. Ch. 
Griffith (of Winchester), Mr G. W. Tampliet Mr. E. Meyrick (of 
Marlborough College), Dr. A. W. Rowe, Mr. J. Scanes, Mr. J. W. 
Stather (of Hull), Mr. W. Whitaker, Mr. H. J. Osborne White, 
and Mr. H. Woods. 


J. J. H. TEALL, 
Director. 
Geological Survey Office, 
28 Jermyn Street, London. 
28th November, 1903. 
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THE UPPER CHALK OF ENGLAND. 


CHAPTER I. 
GENERAL ACCOUNT OF THE UPPER CHALK. 


A general account of the Chalk as a whole, and of its division 
into Lower, Middle and Upper Chalk, has been given in Volume 
II. of this series of memoirs. The Lower and Middle stages were 
described in that volume, and the present one will deal mainly 
with the Upper Chalk. 

Since the description of the Chalk Rock by Mr. Whitaker in 
1859 (see Vol. II. pp. 5 and 359), the Upper Chalk has generally 
been defined as all that part of the Chalk which overlies that 
rock wherever it can be identified. 

Mr. Whitaker was also the first to suggest the possibility of 
sub-dividing the Upper Chalk when in 1865 he distinguished 
the comparatively flintless chalk of the Margate cliffs from the 
very flinty chalk of Broadstairs and Ramsgate, the superposition 
of the former being so clear that he described the two divisions 
under the names of Margate Chalk and Broadstairs Chalk.* 
These divisions, however, were based on lithological and not on 
faunal differences. 

In 1870 Mr. Caleb Evans made an attempt to distinguish palzeon- 
tological zones in the Challx of Surrey, but the sections he de- 
scribedt only included the lowest part of the Upper Chalk. In 
this, however, he found two distinct life-zones: (1) that of Holaster 
planus and Micraster corbovis, (2) that of Micraster coranguinum. 

In the same year appeared a paper by Mr. Dowker on the Chalk 
ot Thanet and East Kent,{ in which he referred to the sub-divisions 
previously made by Phillips, Conybeare, and Whitaker. He gives 
a complete section through the Kentish Chalk, and divides the 
upper part into three stages under the following names :— 
1. Margate Chalk. 

2. Ramsgate Chalk. 

3. St. Margaret’s Chalk. 

f. The first is that which was so named by Mr. Whitaker ; the 
second is the same as Mr. Whitaker’s “ Broadstairs Chalk, ” and 
coincides with Phillips’ ‘“ chalk with many layers of flints”; 
the third is the nodular chalk with scattered flints, which includes 
the equivalent of the Chalk Rock. It is an accident that Mr. 


* Quart. Journ. Geol. Soc., Vol. xxi. p. 395. 

+ “On some Sections of Chalk between Croydon and Oxtead.” 
Geol. Assoc., Lewes, 1870. 

t Geol. Mag. Vol. vii., p. 466 (1870). 
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Dowker’s divisions correspond closely with modern zones, for he 
expressly says that he “ ‘loes not believe much in the evidence 
of tossil zones.” 

It may safely be stated, however, that without a close and 
careful study of the fossils it would have been quite impossible 
to identify the Ramsgate and Margate divisions in other Pe of 
England; because the lithological peculiarities which these 
divisions present in Kent are not constant throughout the 
country. All recent ee in our knowledge of the Upper 
Chalk has been gained by a study of its fossils and by ae 
the zonal wera! of investigation. A chapter on “ The Value of 
Zones in the Cretaceous System” was published in Volume I, 
and it may be asserted that the study of the Upper Chalk is 
especially and essentially a study of zones. 

The establishment of a succession of zonal sub-divisions in 
this part of the Chalk has not been a difficult task, because the 
formation is exposed in so many fine cliff sections along our 
southern coast, but the establishment of such a zonal succession 
is one thing and the mapping or following of each zone through 
inland areas is another and much more difficult matter. It is 
more difficult because it is seldom that inland exposures show 
continuous sections tor more than 60 or 70 feet; because old ° 
quarries become obscured by the growth of talus-slopes; and 
because only small spaces are accessible for the purpose of 
collecting fossils. Hence it is often impossible to obtain a 
sufficient number of fossils from an inland exposure to determine 
the zone to which the chalk belongs or to ascertain whether 
more than one zone is exposed. 

At present, therefore, there are many gaps in our knowledge 
of the inland areas of Upper Chalk, and it is chiefly by the 
careful collecting of local observers that these deficiences can be 
made good. Much has already been done, especially by Dr. 
Blackmore, near Salisbury; by Mr. Meyrick, near Marlborough ; 
by Mr. Ch. Griffith and Mr. R. M. Brydone, in Hampshire; by 
Mr. Dibley, in Kent, and by Mr. Stather, in Yorkshire; and to 
all these gentlemen I am much indebted for their readiness to 
impart information and lists of fossils. In spite ot their assist- 
ance, however, and of the information thus added to the observa- 
tions of Mr. W. Hill and myself, we feel that much still remains 
to be done before our knowledge of the inland areas of the 
Chalk can be made anything like complete. Those of the 
following chapters which deal with such areas must therefore be 
regarded merely as contributions to such knowledge, but they 
will, I hope, serve to show the lines on which further investiga- 
tion will be productive of good results. 

Of the sections exposed in the cliffs of our southern coasts it 
is possible to give much more complete descriptions, and in 
this connection we desire to express our high opinion of the 
value of the work done by Dr. A. W. Rowe, whose papers have 
added much to our knowledge, and have afforded us much 
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assistance, more especially in dealing with the coasts of Sussex 
and of Dorset. e also fully accept his work on the British 
Species of Micraster and his able discrimination of the different 
forms and their varieties which have proved so useful in the 
delimitation of the lower zones of the Upper Chalk. 


ZONAL SUB-DIVISION OF THE Upprr CHALK. 


The first to attempt a systematic zonal sub-division of the whole. 
English chalk was Professor Ch. Barrois, of Lille. Hig excellent 
account of the chalk of the Isle of Wight was published in 1875, 
and his larger Memoir, “Sur le Terrain Crétacé Supérieur de 
PAngleterre et de |’Irelande,” in 1876. The zones into which 
he divided the Upper Chalk, and which he described throughout 
the South of England, as well as in Norfollx and Yorkshire, were 
the following :— 

. Zone & Belemnitelles. 

. Zone a Marsupites. 

. Zone 4 Micraster coranguinum. 

. Zone & Micraster cortestudinarium. 
. Zone 4 Holaster planus. 

Only the first four of these were grouped by him in the Senonian, 
the lowest being classed with the Turonian, as was, and still is, 
customary in France. It should be observed, however, that these 
zones were not quite identical with those which had been previ- 
ously established in France, mainly by the researches of Edmond 
Hébert. These zones were :—* 

1. Zone of Belemnitella mucronata. 

2. Zone of Belemnitella quadrata. 

3. Zone of Micraster coranguinum. 

4. Zone of Micraster cortestudinarium, 
5. Zone of Holaster planus. 

It will be noticed that in’ Hébert’s scheme there is a zone of 
Belemnitella (Actinocamaz) quadrata, which does not appear in 
that of Professor Barrois, whose zone of Marsupites would seem 
to take its place. This, indeed, is really the case, for although 
Professor Barrois states, on p. 21 of his “‘ Recherches,’’ that his 
zone of Marsupites was formed at the expense of Hébert’s zone 
of Micraster coranguinum, and corresponds to the upper part of 
that zone, yet he includes in his zone of Marsupites all the chalk 
of the Sussex cliffs between Brighton and Newhaven, the chalk of 
Harnham, near Salisbury, and the flintless chalk of Yorkshire, 
all of which are certainly referable, in part at least, to the zone of 
Act. quadratus. Moreover, when dealing with the chalk of York- 
shire, Professor Barrois recognised that the chalk which contains 
Marsupites, Actinocamaz Merceyi( = A.granulatus), and Act. quad- 
ratus is the equivalent of the “quadrata”’ chalk of Germany, and 
he remarks: “‘I consider it therefore as proved that the zone of 


on wpe 


* Geol. Mag., Vol. vi. (1869), p. 200, and Bull. Soc. Géol. de France, Ser. 3, 
T. iii. p. 595 (1875). 
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Marsupites in England corresponds to the Senonien a Bel. quadrata 
in the north-west of Germany.” (Recherches, p. 199.) 

The fact is that Barrois’ “zone @ Belemnitelles ” was really the 
zone of Belemnitella mucronata only, and did not include that of 
Act. quadratus (as may be seen from the table at the end of this 
volume); while his zone of Marsupites included a great thickness 
of chalk in which Marsupites have never been found, but in which 
both Act. quadratus and Act. granulatus are common. 

At the same time, full credit must be given to Professor Barrois 
for being the first to demonstrate the wide extension of the chalk 
which does contain Marsupites, and for correctly indicating its 
position between the flinty chalk of the M icraster coranguinum 
zone and the chalk in which Belemnites are common ; for it had 
previously been supposed that the Margate Chalk was of about 
the same age as the Norwich Chalk. 

The careful collecting of fossils near Salisbury by Dr. H. P. 
Blackmore and Mr. E. Westlake, as well as in Kent and Sussex 
by Dr. A. W. Rowe and Mr. C. D. Sherborn, has fully established 
the position of the Marsupite chalk. There is now no doubt that 
both Marsupites and the allied genus Uintacrinus are restricted 
to a certain thickness or zone of chalk, and that these peculiar 
Crinoids are associated with a small but distinct zonal fauna. 

The zone of Actinocamaz quadratus, has also undoubtedly a 
fauna of its own, which is distinct from that of the underlying 
zones, and from that of the overlying Bel. mucronata zone. It 
can be recognised wherever a sufficient thickness of chalk emerges 
from beneath the transgressive and unconformable Eocene Series. 
In 1878 Prof. Barrois himself acknowledged the existence of this 
zone in France,* and it has been recognised in England by Mr. 
Westlake, by Dr. Blackmore,} and by Dr. A. W. Rowe.|| 

In his Memoir on the Ardennes, Professor Barrois retained 
a zone of Marsupites, and referred the chalk of St. Omer to this 
zone, although no remains of Marsupites have yet been found there. 
He still considered, however, that his zone of Marsupites was 
formed at the expense of Hébert’s zone of Micraster coranguinum, 
and he proposed to designate the lower part of this chalk by the 
name of Jnoceramus involutus, these two zones making up an 
“ agsise & M. coranguinum ” thus— 

Zone of Marsugnites 


Fone Lacii wa ag} Asis of M. coranguinum. 


* Le Terrain crétacé des Ardennes, Ann. Soc. Géol. Nord, T. v. p. 480. 
+ Tabular Index to the Upper Cretaceous Fossils cited by Dr. Ch. B i 
Fordingbridge, 4to. (1888). eae oe 
t Notes on the Aptychi from the Upper Chalk, Geol. Mag. 
Vol. iii. p. 529 (1896). - peeved ane 
| The Zones of the White Chalk of the English coast, I. Kent and Sussex, 


Be ai Assoc., Vol. xvi. p. 290 (1900). II. Dorset, Id. Op. vol. xvii., p. 1 
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It does not, however, seem at all certain whether the French 
equivalent of the Marsupite chalk was really included in Hébert’s 
zone of Micr. coranguinum,* but in any case I prefer the plan 
adopted by Professor Barrois in his “‘ Recherches,” where he retained 
the term “ zone of Micraster coranguinum” for the chalk below 
the Marsupite zone. 

With respect to the lower zones, these have already been dis- 
cussed inVol. IL. p. 360, where it was explained that thearrangement 
adopted on the maps of the Geological Survey will also be em- 
ployed in this Memoir. This arrangement includes the Chalk 
Rock and the zone of Holaster planus in the Upper Chalk. 

The highest chalk in England is found on the coast of Norfolk 
near Triminghém and Mundesley, and as this contains a special 
fauna of its own we propose to separate it as the zone of Ostrea 
lunata. 

In this Memoir, therefore, the Upper Chalk will be regarded as 
consisting of the following zones :— 


Zone of Ostrea lunata. 

B. } Zone of Belemnitella mucronata. 
Zone of Actinocamax quadratus. 
Zone of Marsupites testudinarius. 


Zone of Micraster coranguinum. 
‘4 Zone of Micraster cortestudinarium. 
Zone of Holaster planus. 


It will be seen that we have grouped the three lower zones as a 
division A, and the four upper zones as division B, and we have 
done so to mark our belief that the Upper Chalk includes more 
than one division of the value of a stage. The fauna of group A, 
regarded as a whole, contains many species and varieties which 
do not range up into the beds of group B, while others occurring 
in the higher zones do not occur below. Division A is essentially 
the chalk with Micrasters, and division B is essentially the chalk 
with Belemnites. 

Our knowledge of the several faunas, however, is not yet suffi 
ciently complete to enable us to say precisely where a line could 
best be drawn between the two divisions or stages, and it is possible 
that some modifications of the zones will have to be made before 
two such stages can be established. Moreover, if such a division 
be found natural and desirable the existing nomenclature of the 
chalk will have to be abandoned, for the formation will then be 
divided into four parts instead of three, so that the names Lower, 
Middle, and Upper could no longer be retained. The time has 
hardly yet arrived for this change to be made, but Mr. Hill and IJ 


* M. de Grossouvre has recently, shown that the zone of arsupztes is 
1 cequivalent of his zone of Placenticeras syrtale and that it lies below 
the Aet. guadratus zone. See his Recherches sur la Craie Supérieur, p. 799 


(1901). 
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wish to express our belief that it will come, and that some scheme 
of nomenclature more resembling that of the French geologists 
will have to be adopted for the Upper Cretaceous Series of England. 


Zone of Holaster planus. 


This zone was first distinguished from the overlying chalk near 
Dieppe by Professor Hébert in the year 1866,* and in 1869} he 
recognised the same horizon in the Chalk Rock described by Mr. 
Whitaker. He was also the first to recognise its equivalent. in 
the cliffs near Dover, which he described in 1874. It there forms 
the lower part of the St. Margaret’s Chalk of Mr. Dowker, and 
the “ chalk with interspersed flints ” of W. Phillips. 

The zone was adopted by Prof. Barrois in 1876, and a zone of 
Holaster planus has been accepted by all subsequent observers, 
though there have been differences with regard to its limits. 

The chalk of this zone varies much, both in its lithological cha- 
racters and also in its fossil contents ; in fact, it presents three very 
different facies in different parts of England, and these may be 
called the southern, the midland, and the northern facies. 

The southern facies, well exposed at Dover, exhibits a series 
of alternating harder and softer beds, the former consisting of 
lumps of hard, compact challk set loosely in a softer matrix. These 
lumps have a yellowish tinge and have a tendency to form layers ; 
sometimes, indeed, being so closely packed as to form a hard, rocky 
layer. The softer beds between are either greyish white or are 
streaked with grey. Flints occur throughout, generally scattered, 
and seldom forming a regular continuous layer. This facies 
occurs all round the Wealden area, through Hants and the Isle of 
Wight, and with slight variations into South Dorset and Devon. 

Another facies, that of the Challk Rock, ranges along the main 
outcrop from the north of Dorset to Cambridgeshire, and this 
rock must be considered as a condensed equivalent: of the southern 
type, for it is sometimes not more than 4 or 5 feet thick. The 
Chalk Rock proper must be distinguished from the Chalk Rock- 
beds, which often exhibit a lower and an upper rock-bed separated 
by a variable thickness of loose nodular chalk. 

The Chalk Rock in its most solid form consists of several beds 
of hard compact limestone, each terminating upward in a layer 
of green coated nodules of compact yellowish and slightly phos- 
phatic limestone. It frequently contains glauconite, and sometimes 
the grains are so numerous that it may be described as a glauconitic 
limestone. It is very variable in thickness and in its aspects, as 


Comptes Rendus de l’Acad. des Sciences for 1866. 
See Geol. Mag., Vol. vi. p. 200. (1869). 
Bull. Soc. Géol. France, 8. 3, Vol. ii. p. 416. 


tte + 


GENERAL ACCOUNT. 7 


well as in the number of fossils it contains, these being abundant 
in some places and very rare in others. Flints seldom occur in the 
Chalk Rock, except in that of Wilts and Dorset. 

The third, or northern, facies is found in Norfolk, Lincolnshire 
and Yorkshire. In Norfolk it appears as a band or zone of rather 
hard white chalk with frequent layers of flints, but without any 
nodular beds or other special features. In Lincolnshire there is a 
zone of similar chalk. In Yorkshire there is a great thickness of 
very hard white chalk which is nearly homogeneous, lies in thick 
beds, and contains frequent layers of flints which are grey or grey- 
ish black inside. 

The characteristic fossils of this zone, and especially of the Chalk 
Rock, are—Heteroceras reussianum, Ammonites [Pachydiscus] 
peramplus, Scaphites Geinitzi, Trochus Schltiteri, Solariella 
gemmata (= Turbo gemmatus), Holaster planus, Micraster Lesket, 
and Camerospongia campanulata. 


Zone of Micaster cortestudinarium. 


We have retained this zone because it can sometimes be dis- 
tinguished from that of Holaster planus, but we doubt whether 
its fossils really form a separate zonal assemblage and think that in 
the future it may be found more in accordance with the facts of 
the case to consider the two as forming one zone, in which two 
sub-zones can sometimes be recognised. 

The zone of Micraster cortestudinarium was established in 
France by Professor Hébert (1866) and was also identified by him 
in the Dover cliffs (1874).* Its wider extension through England 
was indicated by Dr. Barrois in 1876.f It coincides with the upper 
part of what W. Phillips called “ the chalk with interspersed flints ” 
at Dover, which was subsequently called the St. Margaret’s Chalk 
by Mr. Dowker.t 

In the south of England the chalk of this zone is practically 
a continuation of the zone of Holaster planus, and its upper limit 
is not always very clearly marked. Moreover, there are few fossils 
which are specially characteristic of it; the Micrasters which 
occur have certain special features, and belong to the precursor 
group of Dr. Rowe;§ some of the varieties resemble M. cortes- 
tudinarium in many respects, but few of them have the breadth 
and depressed outline of Goldfuss’ type of that species. Holaster 
placentais a species which both Professor Hébert and Dr. Rowe have 
have found to be not uncommon in this zone near Dover, in Sussex 
and in Dorset, but we do not yet know whether it occurs in other 


* Bull. Soc. Géol. Franc., Ser. 3, Vol. ii. p. 416. 

+ Recherches sur le Terr. Crét. Sup. de l’Angleterre, Lille (1876) 
t See Geol. Mag., Vol. vii. p. 466 (1870). 

§ Quart. Journ. Geol. Soc., vol. Iv. p. 530. (1899). 
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parts of the country. Holaster planus is also found, but not so 
commonly as in the zone below. 

Dr. A. W. Rowe is of opinion that in the south of England this 
zone can always be distinguished from that of Holaster planus 
by the character of the Micrasters. Muicraster Leskei and M. cor- 
bovis do not occur, but special varieties of M. precursor and 
M. cortestudinarium are common. He says, “We find no Mi- 
craster with ‘smooth’ or ‘ sutured * ambulacra in this zone, but 
they are all of the ‘strongly inflated,’ or more commonly of the 
‘ sub-divided’ type. This applies equally to broad and narrow 
forms.” * 

Where Micrasters are sufficiently abundant they will, if closely 
studied, doubtless serve to distinguish this from the zones above 
and below, but where Micrasters are rare, as in some counties, 
this evidence fails us; and Dr. Rowe does not mention any other 
fossil which would assist us in distinguishing the two zones. It 
is true that several species which are common in the zone of Hol. 
planus, such as Terebratula carnea, and Pentacrinus Agassizt, 
are rare or absent in the upper zone, but the fact remains that there 
are many inland localities where it is difficult to distinguish one 
zone from the other. 

In the south of England this zone consists in the lower part 
of rough nodular chalk, often greyish-white or white with grey 
streaks and bands. The flints in this part are generally compact 
and solid, either black or grey inside, and often with a thick white 
rind. The higher part of the zone consists of firm whitish chalk, 
often rather rough and lumpy, never quite homogeneous, and 
frequently stained yellow in the cracks. Layers of hard nodular 
chalk occur at intervals. Its flints are often of the carious type— 
that is to say, they are full of holes and cavities, with a rough ex- 
ternal surface, and generally contain remains of Sponges. With 
these are some solid dark-grey.flints, which also contain many 
sponge spicules. The flints are for the most part scattered ir- 
regularly through the Chalk, but in the higher portion of the 
zone layers of flints occur, and there are also some continuous 
layers or floors of flint. 

In the valley of the Thames and in the counties to the north- 
ward this zone consists chiefly of smooth white chalk, nodular 
beds occurring only at distant intervals; moreover, fossils are 
scarce in it, so that it is difficult to determine where it begins or 
ends. Still further north, in Norfolk, Lincolnshire, and Yorkshire 
there are no nodular beds, and fossils are equally scarce, so that 
the same difficulty exists. 


* On the Zones of the White Chalk of the English Coast, Proc. Geol. 
Assoc. Vol. xvi. p. 309 (1900). For the characters of the Micrasters, see 
Dr. Rowe’s Memoir in Quart. Journ. Geol. Soc., Vol. lv., p. 494 (1899), 
and the brief descriptions given hereafter on pp. 22 to 27. 
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Zone of Micraster Coranguinum. 


A zone of Micraster coranguinum was first established by Hébert 
in 1863,* to include all the chalk between the zone of M. cortes- 
tudinarium and that which contained Actinocamaz quadratus, 
but he afterwards divided it into two parts, the lower of which he 
called the “ chalk with banded flints” (silex zonés), and the upper 
was (in France) “ chalk with cavernous flints ” (silex cariés). 

In England, however, cavernous flints are most abundant in the 
lower part of the zone, and banded flints higher up, so that, as Pro- 
fesser Barrois pointed out in 1878,} the characters of the flints are 
not maintained over large areas, though they are useful within 
limited districts. 

The chalk of this zone is generally pure white, firm and homo- 
geneous, but some beds both in the lower and upper part of it are 
full of fragments of Inoceramus-shell, some large, and some small, 
and even when these are too small to be visible to the eye, they 
give a character to a slide of this chalk under the microscope. 

The fossils which are usually to be found in this zone are Micraster 
coranguinum and its variety latior, Galerites albogalerus, 
Epiaster gibbus, Cidaris sceptrifera, C. perornata, Inoceramus 
involutus, and in the south of England the small Actinocamaz 
verus occasionally occurs in the highest part of the zone, but 
other Belemnites are rarely found. 

The flints are very numerous, occurring chiefly in regular layers 
at short distances apart, and there are also continuous seams or 
floors of flint. In the lowest beds various flints containing remains 
of Doryderma ramosum are frequent, and above them there are 
often beds which contain the“ silex 4 zones nuageuses ” of Professor 
Barrois, solid black or brownish flints which have a milky white 
band or zone near the outer margin, but separated from it by a 
margin of ordinary dark flint. The highest beds in Wilts and 
Dorset have flints with thick rinds which often consist of separate 
grey and pink layers, and thus have an agate-like appearance. 


Zone of Marsupites testudinarius. 


The zone of Marsupites was founded by Professor Barrois in 
1876, as already mentioned. The chalk of which it consists is soft 
white, homogeneous and brittle. Sometimes it is massive and 
traversed by long joints, sometimes it is distinctly bedded, and 
includes many thin seams of marl. 

It always contains fewer flints than the zone below, and sometimes 
(as at Margate and in Yorkshire) it is almost destitute of flints. 
When flints occur they are always solid and black inside, with a 
white rind or cortex, but the thickness of this rind varies; in 
Eastern Sussex it is thin, but in Wilts, where the zone is much 


* Bull. Soc. Géol. de France, Ser. 2, Vol. xx. p. 609. 
+ Terrain Crétacé des Ardennes, Ann. Soc. Géol. Nord, T. v. p. 445. 
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thicker, the flints in the lower part have hardly any rind at all, 
while those in the upper part have a thick, dull white rind froma 
third to more than half an inch thick. 
_—ln_the. south of England the depth or thickness of this zone 
“Seems to be from 90 to 120 feet, but in Yorkshire there is about 
400 feet of flintless chalk which seems to be referable to it. 

The most characteristic fossils of the zone besides Marsugntes 
are Uintacrinus westfalicus, Echinocorys scutatus, var. pyramidatus, 
Actinocamaz verus, Act. granulatus (= A. Merceyi), Ammonites 
[Haploceras] leptophyllus, and a species of Terebratulina recently 
described by Dr. Kitchin as Ter. Rowei. In the south of England 
the zone seems to be always divisible into a lower and an upper 
part; the lower part is termed by Dr. Rowe* the U%ntacrinus 
Band, and the upper part the Marsupites Band, from the re- 
stricted occurrence of the plates of these Crinoids. In the same 
way Act. verus only occurs in the lower band and Act. granulatus 
chiefly in the upper band. 

This zone has been recognised in Kent, Sussex, Hampshire, Wilt- 
shire, Dorset, the Isle of Wight, Suffolk, Norfolk and Yorkshire. 
It probably exists beneath some parts of the London Basin, but 
the only places within the cincture of that basin where 
Marsupite plates have yet been found are Margate in lent, 
Chinham in Hants, and Monks Eleigh in Suffolk. 


Zone of Actinocamax quadratus. 

This zone, originally known as that of Belemnitella quadrata, 
was recognised by Strombeck in Germany about 1855, and by 
Hébert in France in 1863, but it was not till 1869, that it was 
definitely separated from the Meudon chalk or zone of Belemnitella 
mucronata in the Paris Basin. Professor Barrois recognised its 
existence in Yorkshire in his “ Recherches ” of 1876, but not in the 
south of England, where its establishment has been due primarily 
to Dr. H. P. Blackmore and Mr. E. Westlake, and where it has been 
studied more recently by Dr. A. W. Rowe.t 

The chall: of this zone is white, firm, and regularly bedded, and 
in the east of England it contains numerous thin seams of marl. 
Generally, also, it has many layers of flints, but these are never so 
close together as in the zone of Micraster coranguinum, being 
seldom less than 3 feet apart, and often only at intervals of 6, 8, or 
9 feet. Thin seams of continuous flint are common in this chalk, 
and some oblique fissures are also filled with flint. The flints are 
always solid and black inside, and generally have a moderately 
thick rind from }4 to } of an inch deep. Sometimes, however, 
or perhapsin some parts of this zone, the flints have very thick 
white rinds. In Sussex Dr. Rowe found the rinds to be generally 
pink. 

* The Zones of the White Chalk, Proc. Geol. Assoc., Vol. xvi. p. 296. 


+ Bull. Soc. Géol. de France, Ser. 2, t.xx., p. 565. 
+ For references, see pp. 81 and 97. 
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The zone of Act. quadratus has been traced throughout the Hamp- 
shire Basin from Sussex to Dorset; it emerges from beneath 
the overstep of the Eocenes in Suffolk, and can be followed thence 
to the north coast of Norfolk. Its further extension lies chiefly 
berfeath the sea outside the coast of Lincolnshire and Yorkshire, 
but comes into the cliffs again near Bridlington, and forms the 
upper part of the flintless chalk of Yorkshire. 

Dr. Rowe states that the passage from the zone of Marsupites 
to that of Act. quadratus in Sussex is marked by a kind of neutral 
band, in which neither Marsupites nor Offaster pillula are found, 
but in which Actinocamaz granulatus occurs, a species which is 
common to both zones ; this neutral band is about 20 feet thick. 

Fossils are not always abundant in this zone, and the 
characteristic Belemnite appears to be rare in the lower beds, but 
Offaster pillula ranges from base to summit, and is generally to be 
found, occurring at some horizons in great abundance. Belem- 
nitella lanceolata occurs in some districts, and Dr. Rowe observes 
that a species of Bourqueticrinus, not yet described, is characteristic 

_of this zone. He also mentions certain Bryozoa as good zonal 
guides, especially Vincularia santonensis and Eschara Danaé, 
and a special form of Cribrilina. 

From the above it will be seen that in England the Belemnite 
from which the zone has been named is not a very good index or 
guide fossil, while Offaster pillula is common, and is almost restricted 
tothe zone. On this point Dr. Rowe remarks—‘“ Were not Belem- 
mitella mucronata such an excellent name-fossil for the zone above, 
thus giving a continuity between the two species, it would be much 
better to do away with the present name for the lower zone as far 
as England is concerned.”* He suggests that it might be called 
the zone of Offaster pillula, and that it may admit of division into 
two sub-zones, a lower characterise dby Actinocamax granulatus, 
and an upper by Act. quadratus. This proposal has much to 
recommend it, but in the present memoir I have’ thought it best 
to retain the original name of the zone. 


Zone of Belemnitella mucronata. 


The zone of Bel. mucronata has been long established: both in 
Germany and France. In France it is also known as the Chalk 
of Meudon, and in England its best known exposure is the Chalk 
of Norwich. It was first recognised as a zone in this country 
by Professor Barrois, though he did not clearly separate it from 
the zone of Act. quadratus. His zone d Belemmnitelles does, however, 
consist for the most part of the Bel. mucronata chalk, which is 
certainly distinguishable from the zone of Act. quadratus. 

The chalk of this zone is soft, white, and pure. Flints are 
not very abundant, at any rate in the lower part, where they 


* Proc. Geol. Aggoe., Vol. avi, p 15 
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are always small; in the higher part they are more numerous, 
and very large cup-shaped or cylindrical flints sometimes occur 
of the kind which have been called “ Paramoudras.”’ 

It is only in the central parts of the Cretaceous basins that 
this zone is found,’and the thickness exposed varies greatly because 
of the unconformity between the Cretaceous and Eocene systems. 
In the Hampshire basin its maximum thickness is probably 250 
feet. It has apparently been entirely removed from the southern 
part of the London Basin, and is only found again in the 
northern prolongation of that basin, é.e. in Norfolk, where its full 
thickness must be present, although its surface is for the most 
part hidden beneath the Crag and Drift deposits. 

As to fossils, Belemnitella mucronata is so common that it may 
almost always be found in a good exposure of this chalk, Bel. 
lanceolata is also common in Dorset and in the Isle of Wight. 
Magas pumilus and Rhynchonella limbata are of frequent 
occurrence, and Dr. Blackmore informs me that in the Hampshire 
Basin Crania egnabergensis, var. costata, is specially characteristic 
of this zone. Cardiaster ananchytis is not rare; spines of 
Cidaris serrata and C. subvesiculosa are sometimes common, and 
a thin-shelled Muicraster, considered by Professor Barrois to be 
Mf. Brongniarit occurs in Dorset, but is rare. 


Zone of Ostrea lunata. 

This zone is now proposed for the first time in order to separate 
the chalk, exposed on the coast of Norfolk, near Trimingham 
and Mundesley, from the rest of the English Chalk. Not only 
are these beds the highest and newest chalk in England, but 
they contain a fauna which differs from that of the Norwich 
chalk, and includes some species which are common in the chalk 
of Riigen and Maestricht. The flints which they contain also 
differ from those of the Norwich chalk, being for the most part 
small, and having a rough outer surface; many are hollow, and 
are filled with a greyish chalk, which is rich in sponge spicules, 
foraminifera, and other small fossils. 

Ostrea lunata abounds in this chalk, and other characteristic 
fossils are Pecten serrat , Galerites abbreviatus (=G. Rameri), 
Trochosmilia cornucopie, Thecidium vermiculare, Terebratulina 
Giset, and the large typical form of Terebratulina gracilis, 
which is not found elsewhere in England. There are also a 
number of Bryozoa, many of which do not occur elsewhere 
in England. 

UNcONFORMITY OF THE EOCENE, 

The top of the Upper Chalk is not to be found anywhere in 
England, and a study of the Upper Chalk zones has proved that 
the Eocene is completely unconformable to the Chalk, resting 
in some districts on the zone of Belemnitella mucronata, some- 
times on that of Act. quadratus, sometimes on the zone 
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of Marsupites or Margate Chalk; and in places on the zone of 
Micraster coranguinum, as in Surrey, Berkshire and Oxfordshire. 

There are only two areas where anything like a complete 
succession of the Senonian zones is to be found, and these are 
the Hampshire Basin and Norfolk, but all the zones except that 
of Belemnitella mucronata seem also to be represented in the 
Upper Chalk of Yorkshire. The London Basin was an area 
of upheaval and erosion before the deposition of the Eocene, so 
that 200 or 300 feet of chalk appear to have been removed 
from it in the interval between the formation of the highest 
English Chalk and the lowest English Eocene. 

Under these circumstances we cannot treat the Upper Chalk 
zones quite in the same way as those of the Lower and Middle 
Chalk. It will be more convenient to describe the development 
of the zones in the three areas mentioned above separately. 

In the Hampshire Basin we shall describe the Upper Chalk 
of Sussex, South Hampshire, South Wilts, Isle of Wight, Dorset, 
and Devon. Then that of the counties which border the London 
Basin will be described, and finally that of Lincolnshire and York 
shire, so far as those counties have been examined. 
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CHAPTER II. ~ 
FOSSILS OF THE UPPER CHALK. 


The fauna of the beds which are in this memoir grouped as 
Upper Chalk is a very large one. It has been pointed out indeed 
ina previous volume that if a classification of the Chall into three 
stages were based entirely on paleontological grounds the line 
between the Middle and Upper Chalk would not be drawn at 
the base of the zone of Holaster planus, but at some horizon above 
it. Thus, there are so many species which become rare or die out 
in the lower part of the M. coranguinum zone that the fauna of 
the lowest part of this ‘ Upper Chalk” stands by itself, and in 
noticing the principal fossils of the division as a whole it will be 
convenient to mention first those which are found in the Jower 
beds, and then those which occur chiefly or solely in the higher 
beds. By the phrase higher beds must be understood the upper 
part of the M. corangwinwm zone and all that lies above it.* 


Reptilia,—In the lower beds some of the Lower Chalk Reptiles 
still survive, such as Cimoliosaurus Bernardi and Polyptychodon 
interruptus. In the higher beds Mosasauroid Reptiles make 
their appearance, the most important being Levodon anceps and 
Mosasaurus Campert. 


Pisces.—A great many of the fish found in the Lower and 
Middle Chalk range up into the Upper Chall, even into the higher 
zones. A few species, however, are either more abundant in 
or restricted to the Upper Chalk ; these are Cora affinis, Coraz 
. pristodontus, Ptychodus Oweni, Synechodus dubrisiensis, and Belo- 
* nostomus cinctus. 


Cephalopoda,—Of these, the following species occur in the 
lower beds, and are specially characteristic of the Chall Rock :— 


Ammonites [Prionocyclus] Neptuni, Geinitz. 
a [Pachydiscus] peramplus, Jfant. (Fig. 1.) 
Baculites bohemicus, Fritsch 
Heteroceras reussianum, d’Orb. (Fig. 2.) 
Ptychoceras Smithi, Woods 
Scaphites Geinitzi, d’Orb. 


Besides these, Nautilus sublevigatus, d’Orb. N. fleuriausianus, 


d’Orb. and Crioceras ellopticum, Mant. range up from the Lower 
Chalk. 


* This distinction coincides with the distribution of the Micrasters 
into a low zonal and a high zonal series, according to Dr. Rowe. See 
Quart. Journ. Geol. Soc. Vol. lv., p. 512. 
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. 1—Ammonites [Pachydiscus] peramplus, Mant. (nat. size, middle-aged 


specimen). a, side view ; 6, front view. 
2.—Heteroceras reussianum, d’Orb. (nat. size). 
3.—Solariella gemmata, Sow. (Turbo gemmatus) (nat. size). 


4,—Micraster cortestudinarium, Goldf. (nat. size). «a, apical view 
6, side view. 
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In the higher beds the following species are found :— 
Ammonites. [Haploceras] leptophyllus, Sharpe 
sa icenicus, Sharpe 
a [Lytoceras] Jukesi, Sharpe 
Baculites Faujasi, Sow. 
Actinocamax granulatus, Bluinv. (=Merceyi, iayzr) 
“i quadratus, Defr. (Tig. 17.) 
Toucasi, Janet (very rare). 
verus, Miller 
Belemnitella lanceolata, Schloth. 
3 mucronata, Schloth. (Fig. 18.) 


” 


Gasteropoda,—Shells of this class are very rare in the higher 
beds, but are rather common in the Chalk Rock, of which the 
following species are characteristic :— 


Avellana cf. Humboldti, Willer 
Cerithium Saundersi, Woods 
Natica vulgaris, Reuss 
Solariella gemmata, Sow. [Turbo] (Fig. 3.) 
Trochus Schliiteri, Woods 
Turbo Geinitzi, Woods 
Dentalium turoniense, Woods 
Besides these Aporrhais Mantelli,Gard. and Emarginula Sancte- 
Catharine, Passy, range up from Lower Chalk, and Pleurotomaria 


perspectiva, Mant. ranges into the highest beds. 


Lamellibranchiata are abundant in the Upper Chalk, and 
the following species range through both lower and higher beds :— 


Ostrea canaliculata, Sow. 
»  semiplana, Sow. 
vesicularis, Lam. 
Lima Hoperi, Sow. (Fig. 28.) 
granosa, Sow. 
Spondylus dutempleanus, d’Orb. 
“ latus, Sow. 
spinosus, Sow. 
Septifer lineatus, Sow. i Modiola Cottze, Roemer) 
Pecten cretosus, Defr. (=P. nitidus, Mant.) (Fig. 25.) 


In the Chall Rock beds there are a few species which do not 
seem to range higher, such as Cardita cancellata, Woods, Cyprina 
quadrata, d’Orb., Trapezium trapezoidalis, Roem., Martesia 
rotunda, Sow., and Cuspidaria caudata, Nilss. 

Of species which occur solely or most commonly in the higher 
beds the following may be mentioned :— 


Inoceramus digitatus, Sow. 
3 involutus, Sow. (Fig. 24.) 
a latus, Mant. (non d Ord.) 
Lima leviuscula, Sow. 
» granosa, Gold. 
Ostrea acutirostris, Vilss. 
» lunata, WV ilss. (Fig. 27.) 
»  wegmanniana, d’Orbs 
Pecten mantellianus, d’Orb, (Fig. 26.) 
Nilssoni, Gold}. 


” 
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Upprr Cuatk Fossits (LowER ZoneEs). 


Fic. 5.—Holaster planus, Mant. (nat. size). a, apical view ; 6, side view. 

6.—Micraster Leskei, Desm. (nat. size). a, basal ; , apical view. 

7.—Rhynchonella reedensis, Hth, (nat. size), a, front view ; 6, dorsal 
view. 

8.—Ventriculites mammillaris, 7’, Smith (nat. size). 

9.—Camerospongia campanulata, 7’. Smith (nat. size). 
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Inoceramus involutus, Sow., occurs in the middle part of the 
division (zones of M. cortestudinariwm, M. coranguinum, and 
Marsupites). 


Brachiopoda.—Most of the species of this group which occur 
in the Upper Chalk range throughout or nearly so, such are Tere- 
bratula carnea, Sow. (Fig. 16), Ter. semiglobosa, Sow., Crania 
parisiensis, Defr., Kingena lima, Defr., Rhynchonella plicatilis, 
Sow. (Fig. 22), R. reedensis, Eth. (Fig. 7), and Terebratulina 
striata, Wahl. None are confined to the lowest beds, but the 
following are characteristic of the higher zones :— 

Crania egnabergensis, Retz. var. costata, Sow. 
Magas pumilus, Sow. 
Rhynchonella limbata, Schliiter. (Fig. 23.) 
Terebratulina gracilis, Schloth. (type form Fig. 19.) 
i Rowei, Kitchin. 
Gisei, Hag. (Fig. 20.) 
Thecidium vermiculare Schloth. 
Trigonosemus elegans, Kénzg. 


Bryozoa are very abundant in some parts of the Upper Chalk, 
especially in the zone of M. cortestudinarium, in the lower part 
of the M. coranguinum zone and in the zone of O. lunata. Mr. 
Gamble, of Chatham, has obtained a large number. from the 
Chatham quarries and they are equally abundant at many other 
localities. Many of the adherent forms range throughout the 
Upper Chalk, but some appear to prevail at certain horizons, and 
when they have been more fully studied they may prove to have 
zonal limitations. The following are some of the commoner 
species :— 


Stomatopora gracilis, Edw. Homeeosolen ramulosus, Mant. 

5 Dixoni, Vine Lunulites cretaceus, Defr. 
Diastopora papillosa, Reuss. Eschara Acis d’Orb. 
Proboscina ramosa, Mich. », Danae, dOrd. 
Entalophora proboscidea, Edw. Reticulipora obliqua @ Orb, 
Ceriopora polymorpha, Goldf. Desmepora semicylindrica, Roemer 
Pustulipora pustulosa, Goldf. Vincularia disparilis d’Ord, 


Petalopora pulchella, Roemer. = santonensis, @’Orb. 


Crustacea.—Members of the order Cirripedia are fairly 
common in the Upper Chalk, belonging to the genera Pollicipes 
and Scalpellum. Of Decapoda Enoploclytia Leachi, Mant. and E. 
sussexensis, Mant. are found occasionally. 


Annelida are very abundant, and a number of small species 
occur on the tests of the larger Echinoderms, and on the shells 
of Oysters and Inocerami. Among the most frequent species 
are :— 


Serpula ampullacea, Sow. Serpula ilium, Sow, 
»  ¢earinata, Woodw. - plana, Woodw. 
»  fluctuata, Sow. » Plexus, Sow. 


»  granulata, Sow. 


a vortex Woodw. 
»  _Macropus, Sow. 


»  turbinella, Sow. 
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Uprrr Cuaik Fossits (HIGHER ZONEs). 


Fic. 10.—Micraster coranguinum, Leske (nat. size). a, apical view ; 4, side 
view. . 
»  11.—Offaster pillula, Zam. (twice nat. size). a, apical view ; 6, basal 
view ; c, anterior end. 
. 12%.—Cyphosoma Keenigi, Afant. (nat. size). Lower (oral) surface. 
6821 2 
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Echinodermata,— Echinoderms form a conspicuous feature 
in the fauna of the Upper Chalk. A certain number are con- 
fined to, or commoner in, the lower beds. These are :— 

Cyphosoma radiatum, Sorig. 
Holaster planus, Mant. (Fig. 5.) 
95 placenta, Ag. 
Micraster Leskei, Desm. (=M. breviporus, Ag.) (Fig.'6.) 
55 precursor, Rowe 
a cortestudinarium Goldf. (Fig. 4.] 
Among the Echinoidea which either range throughout the 
Upper Chalk or are commoner in the upper zones, the following 
may be mentioned :— 


Echinocorys scutatus, Leske. (Fig.13.)| Micraster coranguinum, Leske. 


Cidaris clavigera, Kén2g (Fig. 10.) 

»  perornata, Forbes Cardiaster ananchytis, Leske 

»  sceptrifera, Mant. Infulaster excentricus, Rose 

5  subvesiculosa, d’Orb. Hagenovia rostrata, Forbes 
Cyphosoma corollare, Klein Offaster pillula, Zam. (Fig. 11.) 


4 Keenigi, Mant. (Fig. 12.)| Epiaster gibbus, Lam. 
Galerites albogalerus, Leske. (Fig. 14.)} Salenia geometrica, Ag. 

The Crinoidea are represented by Bourgueticrinus ellipticus, 
Miller, which has a long range, perhaps from base to summit, 
Marsupites testudinarius, and Uintacrinus westfalicus, which 
have a very restricted range. The plates of Uintacrinus differ 
from those of Marswpites in being irregularly polygonal and in 
having strong ridges on the inner surface. 

Asteroidea, or Starfish, are also abundant, the detached ossicles 
being very common, but more or less perfect specimens are not un- 
frequently found. The species seem to have a wide range, and those 
best known are the following :— 


Metopaster Mantelli, Forbes Oreaster pistilliferus, Yorkes. 

is Parkinsoni, Forbes Mitraster Hunteri, Forbes 

E zonatus, Sladen - rugatus, Forbes 

5 uncatus, Forbes Pentagonaster megaloplax, Sladen 
Oreaster bulbiferus, Forbes Pycnaster angustatus, Forbes 


Actinozoa.— The corals which occur in the Upper Chalk 
are mostly small, the largest being Caryophyllia cylindracea, 
which sometimes grows to a length of 3 or 34 inches. Besides 
the cup corals, of which the commonest are Caryophyllia and 
Parasmilia centralis, there are several adherent corals belonging 
to the genera Azxogaster, Diblasus, and Epiphaxum. 


Most of the species range through the division, but the genus 
Celosmilia (with five or six species) has only been found for 
certain in the highest zones (those of Actinocamaz quadratus, 
Belemnitella mucronata and Ostrea lunata). 


Spongida.—The remains of siliceous sponges are very com- 
mon fossils in the Upper Chalk. A few seem to occur chiefly in 
the lower beds and some in the highest beds (zones oft A, 
quadratus, Bel, mucronata, and Ostrea lunata), but a great 
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Upper Cuatk Fossits (HicgHER Zonszs). 


Fic. 13.—Echinocorys scutatus, Leske (nat. size). a, posterior view ; 
6, side view. 


» 14,—Galerites albogalerus, Leske (nat. size). a, side view; 0, basal 
view. 


15.—Marsupites testudinarius, Schloth. (nat. size). 


” 
16,—Terebratula carnea, Sow. (nat. size). From Norwich. 
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many range from the Hol. planus to the Bel. mucronata zone. 
The following occur specially in the lower beds :— 

Camerospongia campanulata, 7’. Smeth. 

ss subrotunda, Mani. 
Cephalites Benettize, Mant. 
eI perforatus, 7’. Smith. 

Guettardia stellata, Mich. 
Ventriculites are also common in these lower, but most. of the 
species range upwards into the higher zones. Among them may 
be mentioned, V. alcyonoides, Mant., V. cribrosus, Phil., V. decur- 
rens, T. Smith, V. impressus, T. Smith, V. mammillaris,T. Smith 
(Fig. 8). 

Other sponges which range through several zones are Doryderma 
ramosum, Mant., Plinthosella squamosa, Zitt., Plocoscyphia con- 
voluta, and Heterostinia obliqua, Benett. 

Of species which are characteristic of the higher beds the 
following may be mentioned :— 


Ceeloptychium agaricoides, Goldf. Siphonia Koenigi, Mant. 


AJereica clava, Lee. Seliscothon planus Phil. 
Pachastrella convoluta, Hinde. Stichophyma tumidum, Hinde. 
Plinthosella compacta, Hinde. Verruculina plicata, Hinde. 
Porochonia simplex, Smith. — 4 Reussi, U’Coy. 


A calcareous sponge, Pharetrospongia Strahani, Sollas, also 
occurs not unfrequently, but it is not confined to the Upper Chalk. 


The small organic bodies known as Porosphera have been 
regarded as Hydrozoa, but Dr. Hinde has shown that they be- 
long to the Sponges. The spherical Porosphera globularis is 
one of the commonest fossils of the Upper Chalk, and is to be 
found in every part of it. It varies in size from that of a pea 
to that of a walnut. Two other species (P. urceolata and P. 
Woodwardt) of a very diferent shape also occur. 


THE SPECIES OF MICRASTER. 


It has long been known that species of the genus Micraster are 
abundant in the lower part of the Upper Chalk, and it has been 
found that they present a succession of species and varieties 
which are of great use in determining the limits of the zones and 
the horizon of isolated inland exposures. Consequently it has 
become necessary for all students of the Upper Chalk to make 
themselves acquainted with the characters Le principal forms, 
and hence it seems desirable to give brief diagnoses of these 
before entering on the stratigraphical details, in which they will 
be so frequently mentioned. I have, therefore, prepared such 
condensed diagnoses from the detailed descriptions published by 
Dr. A. W. Rowe, in his “ Analysis of the Genus Micraster.”* 

Micraster corbovis, Forbes.—This species varies greatly 
in size, the length varying from a small form of 8lmm., to a 
large one of 81mm. The test is very thin, contrasting in this 


* Quart. Journ. Geol. Soc., lv., p. 494 (1899). 
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Upper CHak Fossits (HicnEr Zonss). 


Fic. 17.—Actinocamax quadratus, Blainv. (two-thirds of nat. size). 
a, ventral view ; 0, section to show alveolar cavity. 


18.—Belemnitella mucronata, Sow. (two-thirds of nat. size), side view. 
19.—Terebratulina gracilis, Schloth. (twice nat. size). a, dorsal view ; 


6, side view. 

» 20.—Terebratulina Gisei, Hag. (twice nat. size). a, dorsal view ; 
6, side view. 

» 21—Thecidium vermiculare, Schloth., upper and lower valves -(twice 
nat. size). 


22,—Rhynchonella plicatilis, var. octoplicata, Sow. (nat.size), dorsal view. 
23.—Rhynchonella limbata, Sch/oth. (nat. size), dorsal and front views. 


24 THE CRETACEOUS ROCKS OF BRITAIN. 


respect with all other Micrasters. In shape it is generally an 
elongate oval, and its upper surface is generally depressed so that 
its height is relatively small, that of large specimens varying 
only from 44 to 49mm. 

The paired ambulacra are deeply impressed with a smoot 
interporiferous area, and the pores are elongate, those of the 
outer row being tear-shaped. The subanal fasciole is feebly 
marked. 

On the under surface the mouth is set far in from the anterior 
margin, the peristome is a smooth flat ring, and the labrum 
abe developed. The labral plate is broad where it joins the 
plastron and tapers to the labrum, bearing only one or two 
tubercles near the tip. The periplastronal area is a broad band 
which is either smooth or very faintly granular, again contrasting 
with the strongly granular area of other Micrasters. 

Micraster corbovis occurs in the Terebratulina beds of the 
- Middle Chalk, but is commoner in the Holaster planus zone, 
and has not been found at any higher horizon. 

Micraster Leskei, Desm—This species has been widely 
known on the Continent as M. breviporus, Ag. (see Fig. 6). In 
size it is rather small, averaging about 34mm. in length, but the 
test is thick. The paired ambulacra are deep, with smooth 
interporiferal areas (see Fig. 29a), and the pores are elongate. 
The upper surface is depressed and the subanal fasciole is dis- 
tinct, ae narrow. 

Beneath, the mouth is distant from the border, and its labrum 
is smooth as in M. corbovis. The labral plate is also of similar 
shape (see Fig. 30a), and seldom bears more than six primary 
tubercles, sometimes only two or three. The periplastronal area 
is always finely granulated. , 

M. Leskei is specially characteristic of the zone of Holaster 
planus, and is not found above that zone, though it ranges 
downward into the Middle Chalk. There is, moreover, a passage- 
form between M. Lesket and M. precursor which appears to be 
restricted to the zone of H. planus ; this differs in several points, 
having sutured interporiferal areas and more tubercles on the 
labral plate. A passage-form between M. Leskei and M. corbovis 
also exists. 

Micraster preecursor, Rowe—Dr. Rowe calls this form a 
group rather than a species, but he admits that “if it be right 
to preserve M. corangwinwm as a species, it is equally right to 
use M. precursor in the same sense.” It is in fact a plastic 
species and varies in its details according to the zone in which it 
occurs. 

This form is variable in size, but its average length is about 
50mm. and its breadth is generally about 3mm. less than the 
length. It has the common low zonal characters of a depressed ° 
upper surface, and deeply impressed ambulacra, but the inter- 

oriferal area is never smooth; those in the zone of H. planus 
ave the plates of this area merely “sutured,” but those from 
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Upper CuHak Fossits (HicHER Zongs). 
Fic. 24,—Inoceramus involutus, Sow. (nat. size). 
25.—Pecten (Chlamys) cretosus, Defr. (nat. size). 


26.—Pecten (Chlamys) maniellianus, d’Orb. (=P. concentricus, 8. Wood- 
ward), (nat. size). 


27.—Ostrea lunata, Zam. (nat. size). 
28,—Lima Hoperi, Sow. (nat. size). 
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higher zones have them strongly inflated, and more or less 
divided from one another along the median line (see Fig. 29b). 
The subanal fasciole is well marked. 


On the lower surface the mouth still remains distant from the 
border; but the labrum shows a gradual change; for only its 
central part or “tip” is ever smooth; in the zone of Hol. planus 
this is always smooth, in that of M. cortestudinariwm, about 80 
per cent. have a smooth tip, but in the zone of M. coranguinum 
it is wholly granular. The labral plate is subtriangular in the two 
lower zones, becoming narrower in the zone of VM. coranguinum, 
bearing on an average from 10 to 12 tubercles (see Fig. 300). 
The periplastronal area also shows a progressive degree of 
granulation in passing upward from the H. planus zone. 


This species commences in the zone of H. planus, and ranges 
into that of M. coranguinwm, dying out within the lower third 
of that zone (at any rate in the South of England). 


Fic. 29. After Rowe.-—Magnified views of a portion of the ambulacral 


a. Micraster Leskei, with smooth area ; 
ss precursor, with inflated area ; 
C 9 coranguinum, with divided area. 


Fic. 30. After Rowe.—Views of the in pis and part of the plastron 
of a. Micraster Leskei; 5. M. preecursor ; c. M. coranguinum. 


Micraster cortestudinarium, Goldf—This form is not 
sufficiently distinct to be regarded as a species comparable with 
the others. It has all the characters of M. prwcursor, except that 
its breadth is as great as its length. It has no other special 
features and is, in fact, merely a broad variety of M. precursor 
or of the M. precursor group; having the same range, and 
exhibiting just the same variations according to the horizon at 
which it occurs as the members of that group do. In the zone 
of M. coranguinum it gradually loses its low zonal characters 
and passes into the broad variety of M. coranguinwm. 
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Micraster corauguinum, Leske——This species varies much 
in size and shape, but differs from M. precursor in the following 
points. The posterior part of the test is always high, and its 
upper surface 1s raised into a median ridge or carina (see Fig. 100). 

e paired ambulacra are shallow, while the anteal sulcus is 
poueey deep. The interporiferous area is traversed by a 

urrow which divides one half from the other half, and the 
whole surface of the umbulacrum is strongly granulated (see 
Fig. 29c). 

he 2 Dl fasciole is broad and clear. The mouth is 
situate near the border ; its labrum is always strongly granulated 
and the labral plate is narrow, expanding more or less at each 
end, and is py covered with tubercles (Fig. 30c). The 
periplastronal area is covered with large prominent granules so 
as to present a very rough and almost tubercular surface. 

M. coranguinum is often abundant in the zone to which it 
gives its name, and also in the zone Marsupites, but becomes 
rarer in the higher zones. The broad variety latior bears the 
same relation to it as M cortestudinarium does to M. precursor. 
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CHAPTER III. 
THE UPPER CHALK IN SUSSEX. 


1.—TuHe Ciirrs From Beacuy Heap To BRIGHTON. 
GENERAL DESCRIPTION. 


The earliest description of the Upper Chalk in these cliffs is 
that by Dr. Mantell in his Geology of Sussex (1822), but is only a 
general account of the ‘‘ Chalk with flints”’ ; as, however, there are 
very few flints in Sussex.below the zone of Holaster planus, his 
Upper Chalk is practically coextensive with that which is so re- 
garded in this memoir. 

A more careful description of the part between Seaford and 
Beachy Head, with a horizontal section, was given by Mr. Whitaker 
in 1871.* In this he indicates the flexure at Seaford, and correlates 
the Chalk of the Sussex coast with that of the Kentish coast. as 
described by Mr. W. Phillips. His “ Chalk with flints and nodular 
layers ” includes the parts now known as the zones of Holaster 
planus and Micraster cortestudinarium,the rest of the Upper Chalk 
being called simply ‘‘ chalk with flints.” He was uncertain whether 
the Margate Chalk was represented in Sussex. 

In 1876 Prof. Ch. Barrois published a detailed account of the 
chalk which forms the Sussex cliffs, recognising in them the zones 
with which he was familiar in France. His description was illus- 
trated by a section on the scale of about*two inches to a mile. 

Professor Barrois’ work was a great advance on anything that 
had been written about the Challx of England prior to its date of 
publication (1876), and his description of the bedsseen in the coast 
section is very good and accurate, but the correct allocation of the 
beds to their several zones cannot always be accomplished on the 
basis of a day’s collecting of the fossils. It will be seen in the sequel 
that I found reason to suspect that Professor Barrois had assigned 
too great a thickness to the Marsupites zone, and too little to that 
of M. coranguinum. This view has been confirmed by the more 
prolonged researches of Dr. A. W. Rowe and Mr. C. D. Sherborn 
in 1898 and 1899. 

Since this chapter was first written these researches have been 
published. I have availed myself of Dr. Rowe’s observations 


* On the Chalk of the Cliffs from Seaford to Eastbourne, Geol. Mag. Vol. 
viii. p. 198. 

+ Recherches sur le Terr. Crét. Sup., pp. 14-27. 

t See Proc. Geol. Assoc., Vol. xvi., p. 289 (1900), “ The" Zones of the 
White Chalk of the English Coast,” by Dr A. W. Rowe. withsections by 
C. D. Sherborn. 
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and have re-written the larger portion of the chapter. Mr. W. Hill 
examined the chalk of Beachy Head in 1896 and 1897, and the de- 
scription of the lower zones there seen is from his notes. The 
section (Fig. 31) is reduced from that given by Messrs. Rowe and 
Sherborne. 

The thicknesses of the several zones now recognised in this coast 
section are stated by Dr. Rowe as follows :— 


Feet. 
Zone.of Actinocamaz quadratus about 170 
Zone of Marsupites testudinarius % 78 
Zone of Micraster coranguinum ~ = 2.42. 
Zone of Micraster cortestudinarium , 109 
Zone of Holaster planus ‘ 48 

647 


STRATIGRAPHICAL DETAILS. 


Zone of Holaster planus. 


The zone of Hol. planus forms part of Beachy Head, the 
beds dipping westward, and it comes down to the shore- 
line at a point about a quarter of a mile west of the west 
corner of the place called Gun Gardens on the six-inch Ordnance 
map. 

‘Although there is no hard and fast line of demarcation between 
the chalk of this zone and that of the underlying Terebratulina 
zone, yet there is no difficulty in recognising the junction of 
the two zones; for with the exception of a few scattered flint 
nodules at the top of the lower zone, there are practically no flints 
until the zone of Holaster planus is reached. 

The character of the chalk changes at the same time from a 
homogeneous blocky white chalk to chalk containing frequent 
courses of hard yellowish-grey lumps. The following description 
is from notes taken by Mr. W. Hill in 1897. 

The zone of Holaster planus consists throughout of more or 
less nodular chalk, which gives it a rough appearance in the cliff, 
In the lower part there are frequent courses, about three feet apart. 
of hard semicrystalline lumps, separated from one another by soft 
mealy chalk, but the greater part of these layers consists of the 
hard chalk ; each such course passes down into less hard, but still 
nodular or lumpy chalk. The upper surface of these courses is 
usually well defined, not only by the rougher and more nodular 
character of the rock, but also by the numerous small flint-nodules 
which are thickly scattered through the upper twelve or eighteen 
inches of each course, and appear as definite flinty layers when the 
cliff is viewed from a little distance. 

There is no bed which consists throughout of hard compact 
limestone like that known as Chalk Rock, nor could he find any bed 
that contained the characteristic fossils of this ‘‘ Rock”; indeed, at 
this place both Cephalopoda and Gasteropoda seem to be go scarce 
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that not a single specimen was seen.* A few fragments of brown 
phosphatic matter may be seen here and there, but these are by no > 
means common. 

In the upper part of the zone the hard courses are less well- 
developed, and the highest ten or eleven feet consists of chalk of a 
more uniform character, %.e—somewhat rough and nodular 
throughout and without any specially hard or nodular layers. 
About eleven feet down there is, however, a conspicuous nodular 
layer, consisting of the usual hard yellowish nodules embedded in 
softer mealy chalk. The following is the descending succession of 
beds :— 


Feet. 
Chalk, somewhat nodular, with scattered flints - - 11 
Course of hard yellowish nodular chalk - 1 
Whitish chalk, rough and lumpy, with irregular layers of 
scattered flints at intervals of about 3 feet - 25 
Cream-coloured chalk in courses about 3 feet thick, each 
having a hard nodular bed, with flints, at the top - - 12 
49 


The zone contains many fossils throughout, and there is no 
difficulty in. finding Holaster planus, Echinocorys scutatus, Micras- 
ter Lesket, M. precursor, Cidaris clavigera, Rhynchonella reedensis, 
and Rh. plicatilis ; in the topmost eleven feet Micrasters of the 
precursor and cortestudinarvwm types predominate, and we were 
inclined to regard this as the base of the M. cortestudinarvum zone, 
but in deference to the result of Dr. Rowe’s careful collecting we 
accept his limit of the zone. 

Dr. Rowe says—“ In tiis section we relied entirely upon Micras- 
ter for fixing an upper limit to the zone, mapping out the chalk 
foot by foot, and taking the Micrasters obtained from each foot of 
chalk to the water edge, and there cleaning and examining them 
before collecting from the next foot of chalk. We found that the 
essential features of the test gave us a limit-line which coincided 
with the cessation of Holaster planus; Micraster corbovis, M Leskei, 
Pentacrinus, and other guide-fossils of this zone.” (Loc. cit. p. 326.) 
He fixes this limit-plane as thirty feet below a marked layer of 
marl which forms an open band in the cliff, and runs through the 
first cave west of Gun Gardens. He gives forty-eight feet as_the 
total thickness of the zone, which agrees closely with Mr. Hill’s 
measurements above given. 


Zone of Micraster cortestudinarium. 


The chalk last mentioned is succeeded by chalk which still pre- 
sents some nodular layers, but these are at a greater distance apart 
and alternate with thicker courses of soft white chalk which contain 


* This is corroborated by Dr. Rowe, who did not succeed in finding any 
specimens of either class except Plewrotomaria perspectiva. 
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many flints, both scattered and in layers, at irregular intervals. 
There are also several continuous layers of flint, which is an unusual 
feature in this zone. 

As Mr. Hill was not able to examine this part of the section so 
thoroughly as Messrs. Rowe and Sherborne have since done, I 
gladly avail myself of the measured section which they have pub- 
lished, (loc. cit. p. 327), and adopt their limit for the zone, which 
is taken at a rather lower horizon than that indicated by 
Professor Barrois. The measurements are as follow in ascending 
order, the beds still continuing to come in along the cliff base 
with the westerly dip :— 


Feet. 
From top of H. planus zone toanopenmarl-band - ~- 30 
From open marl-band to first tabular flint-layer - - 26 
From first tabular flint to second tabular flint-layer - - 20 
From second tabular flint-layer to base of a thick layer of 
scattered flints - 13 
From base of layer of sétiared flints to third tabular Aint 
layer - 9 
From third tabular flint to fourth lee flint- dagen -  - 1143 
109} 


“This last-mentioned tabular flint-line will be called the M. 
cortestudinarium-tabular, as it approximately marks the zoological 
break between this zone and the one above it.” With respect to 
the fossils of the zone, Dr. Rowe writes thus: ‘‘Mcraster is our only 
reliable guide, and the essential features of the test, which were so 
helpful at Dover, are equally reliable and constant here. The 
proportion of the broad Micraster cortestudinarvwm forms is rather 
larger than at Dover, and the percentage of occurrence of the 
‘ sub-divided ’ ambulacral area is also larger than at Dover, and is 
quite characteristic of this zone. Echinocorys vulgaris var. gibbus 
is common. . . . . The spines of Cidaris clavigera are, if 
anything, in greater profusion than in the zone below, and while 
Cidaris serrifera is still a characteristic form, it is not so abundant 
as the former. . . . . Holaster placenta is common, and 
small examples of this fossil have been mistaken for Holaster 
planus. Bryozoa are abundant. . . . . No Gasteropods have 
been found. . . . . Sponges are poor in this zone at Beachy 
Head, with the exception of a small form of Pharetrospongia 
Strahani, which is very abundant both -in this zone and in the 
base of the M. coranguinum zone.” 

As Prof. Barrois pointed out, the flints in this zone are generally 
more or less carious or cavernous, the hollows having doubtless 
‘been originally filled by sponges, but being now occupied by soft, 
powdery chalk, which contains sponge-spicules, some Bryozoa, 
and silicified Foraminifera. They often have a fairly thick crust 
which is sometimes white and sometimes pinkish. 

The beds comprised in the zone of M. cortestudinariwm pass 
beneath the chalk which forms the cliffs of Berling and Crowlink, 


THE SUSSEX COAST. 33 


but they are brought up again by the anticline of Cuckmere Haven 
(see Fig. 31), and, according to Dr. Rowe, the low cliffs west of the 
haven show a thickness of 80 feet of this zone. Here, however, 
it is apparently less nodular, and does not weather out into rugged 
knobs, as usual elsewhere ; moreover, ‘there is no M. cortestudin- 
arwm tabular, as at Beachy Head, but much in the same position 
we find a thin closed marl-band which approximately marks the 
junction between this zone and that of M. coranguinum.” (Op. 
cit. p. 336.) 


piesites seve ppp ony 


Fic.§32.—View of the upper ge of the cliff at Beachy Head, from a 


photograph by the Rev. W. 
and J. coranguinum.) 
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Zone of Micraster coranguinum. 


Above the continuous flint layer, which Dr. Rowe calls the 
“ cortestudinarium tabular,” there are two or three well-marked 
yellow nodular bands, and, according to Professor Barrois, the chalk 
containing these bands is about fourteen feet thick (four metres). 
Lithologically they are a continuation of the M. cortestudinarwum 
chalk, but Dr. Rowe finds that “ zoologically they must be included 
in the zone of M. coranguinum, as the fossils are scanty and belong 
to the higher zone. 

Above these nodular beds there is massive white chalk with 
regular layers of flints; these, according to Barrois, occurring at 
intervals of from 18 inches to 3 feet, most of them being solid and 
black inside, but having a thick zoned or banded cortex. The 
beds assigned to the zone of M. coranguinum by Professor Barrois 
are described by him as follows, in descending order :— 


Indurated yellowish bed containing greenish nodules of chalk 0% 
Chalk without flints - = 

Chalk with four layers of flints - - - 16 
Layer of large flat pale-coloured flints. 

Chalk with many flints which have banded rinds - about 26 
Chalk with layers of tabular flint and bands of cavernous flints 16 
Chalk with regular layers of flints (described above) 48 


About 115 


He regarded the yellowish nodule bed as the top of the zone, 
because it resembled the bed at the base of the Margate Chalk, 
and because about 22 feet below it there is a conspicuous bed of 
large flattened lenticular flints resembling the bed known in Kent 
as the “3-inch band,”’ which occurs about 21 feet below the top of 
the M. coranguinum zone (see p. 143). 

The occurrence of two similar beds at similar distance from one 
another is remarkable, but we are inclined to think that it is merely 
a coincidence, and that they do not occur on the same horizon as 
those in Kent; that they are in fact a long way below the top of 
the zone of M. coranguinum. 

In the first place the continuity of the same bed of flint for a 
distance of more than 60 miles would be a very remarkable fact, 
though it is known that such beds do sometimes continue for 6 or 
7 miles. 

Secondly, if Prof. Barrois’ assumption is correct, the thickness 
of the M. coranguinum zone in Sussex is very much less than 
in Kent, hisown figures being 115 feet, as compared with 231 feet. 
Now we should have expected that, if there was any difference in 
thickness, it would have been greater in Sussex than in Kent, 
because the Upper Chalk appears to thicken in a westerly direction, 
and is certainly thicker in the Isle of Wight than it is in Sussex. 

Thirdly, the chalk above the yellow band in Sussex has not 
yielded any trace of Marsupites; neither Prof. Barrois nor Mr. 
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Rhodes, who was specially instructed to search for them, 
succeeded in finding a single plate. 

Fourthly, the characters of this chalk are not like those of the 
Margate Chalk, which contains very few flints, while this contains 
i ae layers of black flints for nearly 100 feet above the nodular 

and. : 

Taking all these facts into consideration, we are inclined to believe 
that all the beds with frequent layers of flints, which overlie the 
yellow nodular bed, should be included in the zone of Micraster 
coranguinum. If these beds are 92 feet thick, as estimated by 
Barrois, the total thickness of the zone will then be about 212 
feet, which is not far from its thickness in Kent. It is true that 
there is no nodule bed or specially marked plane of division at this 
horizon, but we do not believe that zones are always separated by 
physical breaks, and we imagine that the expectation of finding 
a banc limite may easily lead the observer astray. 

The above was written before Dr. Rowe commenced his examina- 
tion of the Sussex coast section, and it is satisfactory to find 
that the view above expressed is entirely corroborated by his careful 
collecting of the fossils. He has moreover succeeded in discovering 
plates of both Marsupites and Uintacrinus, and has been able to 
fix the upper limit of the zone of M. coranguinum in a much more 
satisfactory manner—namely, by the evidence of the fossils carefully 
collected from each foot of the chalk near the critical horizon. 
This, however, can only be done between Cuckmere and Seaford, 
for in the Birling and Crowlink cliffs the junction is far out of reach. 
Dr. Rowe terms the beds indicated by Professor Barrois “ the 
spurious tabular and sponge bed,” and remarks that they are 
plainly visible about half-way up the cliff at Birling Gap :—‘‘ These 
bands dip to the west, until at Crowlink Coastguard Station the 
flint line is level with the beach ; but from that point the bands 
steadily rise again, and very soon the sponge bed dies out. In these 
lower cliffs we have a better chance of studying the beds in 
the upper part of the cliff, and we noticethat . . . . the flint 
lines space out [are wider apart] in the upper third of the cliff. 
If we view the [Seven] ‘Sisters’ from either side we notice that 
the tint of the chalk in the highest ‘ Sisters’ is of a greyer colour, 
and that this discolouration corresponds with the upper of two 
strong nodular flint lines, 9 feet apart, and that these two flint 
lines generally pass out of the cliff in the hollows between the 
highest ‘Sisters.’ The importance of this observation will be 
seen when we come to trace the same two flint lines in Seaford 
Head, for we find that the Uintacrinus Chalk is there apparently 
limited below by the upper of these two flint lines.” 

“In 1898 we found at the summit of the first and fourth ‘ Sisters’ 
(counting from Cuckmere) Uintacrinus, Bourgueticrinus (with 
nipple-shaped head), and Echinocorys vulgaris, var. pyramidatus. 
. . . « « These fossils were obtained in bare patches, where 
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the turf had been denuded at the cliff edge.” Afterwards a Mar- 
supite plate was found on the first “Sister.” (Op. cit., pp. 330, 331.) 

In the cliffs west of Cuckmere Haven the M. cortestudinarwum 
zone again rises above the shore line, as already stated, and as the 
beds curve over to dip steeply westward in Seaford Head the whole 
of the M.coranguinum zone is here exposed in an easily accessible 
manner, and is found to be 242 feet thick. In this short distance, 
however, several changes seem to have taken place in the lithology 
of the beds, for, according to Dr. Rowe, not only has the sponge bed 
seen at Birling and Crowlink disappeared, but the “ spurious 
tabular ” flint has also thinned out. He found, however, that 
another conspicuous layer of flint, which he calls the “ strong 
M. coranguinum tabular,” is continuous all the way from Beachy 
Head to Seaford Head ; this occurs about 60 feet above the base of 
the zone. 

Here I would remark that although Prof. Barrois proves to be 
mistaken in the limits which he assigned to the several zones in this 
particular section, yet he correctly recognised the zones which 
enter into the chalk of Seaford Head, and we must remember that 
his zone of Marsupites included that which has since been 
separated as the zone of Actinocamax quadratus. It is in fact 
wonderful that Professor Barrois could have accomplished so much 
excellent work in the few months which he was able to give to it, 
and I desire to endorse Dr. Rowe’s appreciation of Professor 

‘Barrois’ pioneer researches. 


Zone of Marsupites testudinarius. 


Part of the chalk-referred to this zone by Professor Barrois is 
described by him as “ chalk which is almost devoid of flints,” and 
in this he found Actinocamaz Merceyi. This band is evidently 
comparable to some part of the Margate chalk, but until Dr. Rowe 
searched the beds in his careful and methodical manner no one 
had been able to find any trace of Marsupites or Uintacrinus, 
and consequently the zone remained without definition. What 
follows, therefore, is based upon the account given by Dr. Rowe. 

In the section west of the Cuckmere he notes the existence of 
an oblique fissure, out of which a cave has been excavated, and 
that the junction of the M. cortestudinarium and M. coranguinum 
zones occurs at this cave. “ Passing a little further west we trace 
the dip of the strong M. coranguinum tabular to the shore below the 
west side of the Castrum. Still passing westward, we reach the 
point where two strong nodular flint-lines sink to the shore. 
These are clearly the same two flint-lines, 9 feet apart, which we 
saw intersecting the bases of the highest of the ‘ Sisters,’ so it is 
probable that we are nearing the junction with the Marsupites 
chalk.’ His search resulted in finding Uintacrinus at once above 
the upper of these flint-layers, but none below it, and accordingly 
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he takes this layer of flints as the lower limit of the M arsupites 
zone. 

His first search for Marsupites in 1898 was unsuccessful, but 
a more determined search in 1899 resulted in the discovery of 
Marsupites plates through a thickness of over 48 feet, these plates 
commencing to occur 28 feet 9 inches above the flint-bed. Thus 
he proved the zone to consist of two parts, a lower, in which 
Uintacrinus prevails, and a higher, in which Marsupites only 
is found. As will be seen on a later page, Dr. Rowe has found 
that the same subdivisions exist in the Isle of Thanet. 

The complete succession seen in the cliffs between Cuckmere 
Haven and Seaford may be given in this place. The beds here 
were measured by Dr. Rowe and Mr. ©. D. Sherborn, and are 
stated by the former as follows :— 


Ft. in. 
Zone of f From the lowest part of M. cortestudinarium 
Micraster zone to the oblique fissure-cave where the 
blared closed marl-band divides this zone from that 
narium. of M. coranguinum- about 80 O 
From mar]-band at oblique fissure-cave to place 
Zone of where the strong M.. coranguinum-tabular 
Micraster sinks to the shore under the eastrum 62 0 
corangut- | From spot above mentioned to where the upper 
num. of two strong nodular flintlayers, 9 feet apart, 
\ sinkstotheshore - = - 180 0 


(From the upper of two strong flint-layers to - 
point where the last Uintacrinus-plate and the 


oe first Marsupites-plate were found 28 9 
pites From spot where the last Marsupites-plate was 


found to the upper of two marl-bands 470 
feet from stone groyne - 49 9 
OTN | From upper of two marl-bands to top of the 

sit ° A, quadratus chalk at west end of Seaford Head 
quanralis, about 170 O 


Total 569 6 
It should be pointed cut, however, that in this tabular view 
Dr. Rowe includes the 20 feet of chalk which forms the transition 
band between the zone of Marsupites and that of Act. quadratus 
in the latter, though on p. 338 he expressly groups it with the 
former. If this is deducted from the thickness of the A. quadratus 
zone, only 150 feet is left for the latter at this place, and the 
thickness of the Marsupites zone will amount to about 98 feet.* 
In the cliffs between Newhaven and Brighton the beds undu- 
late slightly, and Dr. Rowe found that the top of the Marsupites 
zone was exposed at the base of the cliffs west of Old Nore Point 
and in the shore-reefs of the eastern part of Friars Bay. 
_The zone again rises from the shore between Ovingdean and 
Roedean, and the following indications are given by Dr. Rowe: 
“ Passing westward over the two stone groynes (at the Pumping 


* Tam informed by Dr. Rowe that these figures are correct, and should 
have béén so printed in the table above quoted. 
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Station) we find an open marl-band rising from the shore b.% 
this marl-band forms the top of a wrought cave opposite the fifth 
electric standard-pole west of the groynes.”” Below this he found 
Marsupites-plates, above it no Marsupites, and for a certain space 
no Offaster pillula, there being a transition band, just as at Seaford 
Head. West of this, below Roedean, Marsupiies-piates are abun- 
dant, for the beds continue to rise westward, and 58 feet of this 
zone can be measured at the Brighton end of the cliff. Finally, the 
Uintacrinus band comes up in the reefs, its existence, strongly sus- 
pected by Dr. Rowe, having been proved by Mr. W. MacPherson, 
who found a plate on the reef facing the Elephant-bed. 


Of the chalk composing this zone near Brighton Dr. Rowe 
writes as follows :—“ The chalk is soft and marly, with nodular 
and tabular flint-bands and marl-seams. No one could distin- 
guish this chalk from that of the zone above, and the only difference 
is that the flints have a thin white cortex instead of a pink one. 
Even this distinction fails at certain places in the section. . . . 
There is no lithological break to divide this zone from that of 
Actinocamax quadratus.” 


It will be seen, therefore, that here the chalk of the Marsupites 
zone is by no means flintless, and in this respect differs greatly 
from the well-known Margate Chalk. 


Zone of Actinocamax quadratus. 


This zone includes all the higher part of the challkk which Pro- 
fessor Barrois referred to his zone of Marsupites. 


The most complete exposure of it is in the western part of Seaford 
cliff, where a dip of 12 to 15 deg. brings in a great thickness 
of beds within a very short distance. Better opportunities of 
examining its lower beds and of collecting fossils are to be found 
in the long range of cliffs which extend from Newhaven to Brighton, 
for these are composed almost entirely of this zone from New- 
haven westward for a distance of 64 miles. 


The chalk in the western part of Seaford cliff is described by 
Professor Barrois as containing many flints in layers about 6 or 7 
feet apart, and these layers are not composed of single flints in 
line, but of many flints scattered irregularly through some 12 
inches of chalk. The flints are black inside and not banded, 
smooth and regular in outline, and round or somewhat flattened 
in shape. He estimated the total thickness of this chalk at Seaford 
to be 40 métres (130 feet), but by Dr. Rowe’s measurement it is 
150 feet (see page 37). 


Dr. Rowe says, “The zone is characterised by a rather soft 
white chalk, greyish in places from admixture with marl, but 
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often of a yellow colour from diffused staining with iron. 
Marl-bands, which often weather out as open seams, are common ; 
so are tabular and nodular flint-bands, but the latter never occur 
with the regularity of those in the zone of Micraster coranguinum. 
We know of no chalk so full of tabular flint as this, and oblique 
fissures in the chalk are frequently in-filled with thin layers of 
flint.” (Op. cit., p. 340.) 


Dr. Rowe does not give any particulars of the beds of this zone, 
either at Seaford Head or at Newhaven, and neither Mr. Hill 
nor I have been able to examine these sections. Professor Barrois’ 
Newhaven section is the only one yet available, and this we give 
below, his thicknesses being altered to accord with the real height 
of the cliff, which is less than he supposed :— 


Feet, 
Chalk with layers of flints at intervals, eeer or black inside 
and some of them large about 25 
Chalk with few flints, but some thin tabular ore Offaster 
pillula, Cyphosoma Keenigi, Magas and other fossils ; about 50 
Chalk in beds about 6 feet thick, separated by seams of marl ; 
black flints of rounded shape occur, both scattered and in 
layers. Inoceramus involutus, Offaster pillula and Echi- 
nocorys scutatus - -  - - - - about 35 


110 


* 


When collecting from these localities Mr. J. Rhodes observed 
that about 60 feet below the highest chalk in Seaford Head there 
was a bed in which Offaster pillula was very abundant, and that a 
similar bed occurred near the bottom of Newhaven cliff. At 
Newhaven the beds are nearly horizontal, so there must be a 
quick recovery from the steep inclination which they show in 
Seaford Head. Whether they are re-curved or faulted we have 
no means of knowing. 


From Dr. Rowe’s account we learn that the beds continue to be 
horizontal from Newhaven to Old Nore Point, where they begin to 
rise to the west, and a thin layer of tabular flint emerges from the 
shore. It is below this tabular layer that the top of the Marsupites 
zone comes up for a short distance. “The rise in the beds is not 
maintained, as there is a series of faults which brings the tabular 
to the shore again in the centre of [Friars] Bay.” 


Below Portobello the beds are again nearly horizontal, and from 
the chalk with nodular flints here accessible Mr. Rhodes obtained 
the following fossils :— 


Actinocamax quadratus. Offaster pillula. 
Rhynchonella plicatilis. Echinocorys scutatus 
Bourgueticrinus ellipticus. Porosphera globularis. 
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According to Professor Barrois’ account (Recherches, p. 25), 
these lower beds sink below the beach near Rottingdean, and the 
overlying chalk, with continuous layers of flint, comes down to 
the level of theshore. From these beds he obtained Actunocamax 
Merceyt (=A. granulatus), Inoceramus lingua, Plicatula 
sigillina, and the gibbous variety of Echinocorys scutatus. He 
describes and figures three layers of “tabular” or continuous 
flint, which here and there branch into two and unite again, 
thus enclosing flattish, lenticular masses of chalk from 4 inches 
to 34 feet in length. He also remarks that the highest of 
these flint-floors is covered by a layer of marl about 4 inches 


thick, and that the chalk which overlies this marl is somewhat 
nodular. 


West of Rottingdean the beds begin to rise again ; the base of 
the zone is soon brought up, and the underlying chalk, with Mar- 
supites, comes into the cliff as already stated (see p. 37). Prof. 
Barrois states that the flint and marl-band rises from the foot of 
the cliff at Rottingdean till it reaches the cliff top at Roedean 
Gate, near the turnpike. 


Dr. Rowe records the occurrence of Am. [Haploceras] lepto- 
phyllus in considerable numbers at and near the base of this 
zone all the way from Newhaven to Rottingdean. Many of 
them are very large, frequently 4 feet in diameter, and one was 
54 feet across. Besides the usual fossils of the zone, Bryozoa are 
abundant, especially in a layer near Rottingdean. Of these he 
mentions H’'schara Danaé, Vineularia santonensis, V. disparilis, 
and a new species of Cribrilina as specially characteristic. 


One point seems clear from the observations and careful collect- 
ing of fossils by Professor Barrois and Dr. Rowe, and that is that 
the highest chalk seen in the cliffs between Newhaven and Brighton 
belongs to the zone of Act. quadratus, and that there is no indica- 
tion of the incoming of the higher zone of Belemnitella. mucronata. 


FOSSILS FROM THE UPPER CHALK OF THE SUSSEX CLIFFS. 


The following list of fossils is based upon that published by 
Dr. Rowe in his recent paper above mentioned, for though many 
of the species had been obtained previously by the Survey collector. 
Mr. J. Rhodes, yet he had not worked along the whole section, and 
Dr. Rowe’s list is much more complete. To those given by Dr. 
Rowe I have added a few supplementary species and zonal occur- 
rences, which are indicated by letters, thus those found by Mr, 
Rhodes are indicated by the letter S, those recorded only by 
Professor Barrois are shown by the letter B, and those found by 
Mr. Maddock by the letter M. Many fossils have been obtained 
from the chalk of or near Brighton by the older collectors, but 
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their zonal horizons being unknown, they could not be admitted 
into this list :— 


Zone of Holaster 
planus. 

Zone of M. cortes- 
tudinarium. 

Zone of M. coran- 
guinum. 

Zone of Marsu- 


pites. 
Zone of Act. 
quadratus. 


Pisces. 

Beryx radians? Ag. (Ctenothrissa) x 
Cimolichthys lewesiensis, Toidy Hee a 
Corax falcatus, Ag. -[- 
»  pristodontus, Ag. - - 7 
Enchodus lewesiensis, Mant. - a 
Lamna appendiculata, Ag. 
Macropoma Mantelli, Ag. 
Oxyrhina Mantelli, dg. - - os 
Ischyodus sp. - - - oe Hf 
Ptychodus mammillaris, Ag. 


Cephalopoda. 

Ammonites [Haploceras] leptophyllus Sharpe -|j-|- 
Actinocamax granulatus, Blainv. - - sip ae paeeell oe 
3 quadratus? Defr. 

. verus, Willer - wall cee ee 
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Aporrhais sp. oy te - SE [esse tea [ie |, 
Pleurotomaria perspectiva, Mant. - + -|/x 
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; Lamelltbranchiata. 
Caprotina sp. - Se ee ee 
Inoceramus Brongniarti, Sow. - x 
a Cuvieri, Sow. - - - x 
sa digitatus, Sow. = ve es pl 
35 involutus, Sow. - - -— = = 
33 Lamarcki, Sow. - - 2 
9 lingua, Goldf. = 
is mytiloides ?, Sow. ce oe oe 
Lima granosa, Goldf. ah aa. eee 
i Hoperi, Sow. - = = 5 
»» pectinata, d’Orb. - 
Ostrea aleformis, S. Woodw. 
»  canaliculata, Sow. 
»  hippopodium, d’Orb. - 
normaniana, d’Orb. - 
»  semiplana, Sow. S 
»  vesicularis, Lam. - 
wegmanniana, d’Orb. - - 
Pecten sade CrEbouniy: Def. (~nitidus) - 
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»  quinquecostatus, Sow. 
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Zone of Holaster 


planus. 


Zone of M. cortes- 
tudinarium. 


Zone of M. coran- 


guinum. 


Zone of Marsu- 


_ Pites. 


Zone of Act. 
quadratus. 


Spondylus equalis, Hé. - - 
ss dutempleanus, d’Orb. 
ss latus, Sow. 

7 spinosus, Sow. 
3 striatus? Sow. 
Teredo amphisbeena, Goldf. 


Brachiopoda. 
Crania egnabergensis, Hetz.  - 
»  parisiensis, Defr. . 
Kingena lima, Defr. - 
Rhynchonella Cuvieri, d'Orb. 
5 limbata, Schloth. 
on plicatilis, Sow. 
» ” 
reedensis, Lith. 
Terebratula carnea, Sow. 
sy semiglobosa, Sow. 


var. octoplicata, Sow. 


Terebratulina gracilis, Schloth., var. lata, Eth. 


Es Rowei, Kitchin 
striata, Wahl. - 
Thecidium Wetherelli, Morris - 


Bryozoa. 


Alectosp. - -  - - 
Cribrilina sp. nov. - -— - 
Diastopora sp, - - 
Entalophora pustulosa, d Orb. - 

5 ramosissima, @ Orb.- 


Fe sp. 
Eschara Acis, d'Oro. 

»  Aceste, d’Ord. 

»  Danaé, d Orb. - + 

” Sp. - = ~ 
Escharina inelegans, Zonsd. - 
Homeeosolen ramulosus, Lonsd. 


Micropora (Escharina) intricate, Lonsd. 


Proboscina ramosa, Edw. 


Reticulipora (Retecrisina) obliqua, @Orb.- - 


Semicystis rugosa, d’Oro. 
Vincularia santonensis, 2 Ord. 
55 disparilis, d’Orb. - 


Crustacea. 

Enoploclytia Leachi, Mant. - 
Pollicipes glaber, Roemer - = 
Scalpellum fossula, Darw. - 
43 maximum, Sow. - 
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Zone of Holaster 
planus. 


Zone of M. cortes- 
tudinarium. 


guinum. 
Zone of Marsu- 


Zone of coran- 


pites. 


Zone of Act. 
quadratus. 


Annelida. 
Serpula ampullacea, Sow. 
sy fluctuata, Sow. - 
33 granulata, Sow. - 
» lium, Sow. 
5 plana, S. Woodw. 
»  Macropus, Sow. - 
5 plexus, Sow. 
»  turbinella, Sow. 


Echinodermata. 
Bourgueticrinus ellipticus, Azer 
s sp. nov. 
Cidaris clavigera, Kénig 
»  hirudo,Sorig. - - 
»» ~perornata, Forbes - 
. sceptrifera, Mant. 
5 serrifera, Forbes 
Cyphosoma corollare, Klein 
Ss Keenigi, Mant. 
- radiatum, Sorig. - 
spatuliferum, Iorbes 
Discoidea Dixoni, Forbes 


Echinocorys scutatus, Leske, var. gibbus, Zam. 


var. pyramidatus, Poril. 


” ” 

Epiaster gibbus, Lam.. 
Galerites albogalerus, Leske 
Hemiaster minimus, Ag. 
Holaster planus, Mant. - 

33 placenta, Ag. 
Infulaster’ rostratus, Forbes 
Marsupites testudinarius, Schloth. 
Micraster coranguinum, Leske 

5 corbovis, Forbes - 


5 cortestudinarium, Goldf. 


55 glyphus, Schlit. - 

5 Leskei, Desm. 

“a precursor, Rowe - 
Offaster pillula, Zam. - 
Ophiura sp. 

Pentacrinus sp. - 
Salenia granulosa, Forbes - 


Actinozoa. 
Axogaster cretacea, Lonsd. - 
Ceelosmilia laxa, EH. and H. - 
Epiphaxum auloporoides, Lonsd. 
Parasmilia centralis, Mant. - 
is Fittoni, #. and HH.  - 
a granulata, Duncan - 
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planus. 
Zone of M. cortes- 


Zone of Holaster 


tudinarium. 


Zone of M. coran- 
guinum, 


pites. 
| Zone of Act. quad- 


Zone of Marsu- 


Spongida. 
Camerospongia capitata, 7. Smith - 
subrotunda, Mant. 
Cephalites catenifer, T. Smith - - 
3 guttatus, T. Smith 
Cliona cretacea, Portl. 
Coscinopora infundibuliformis, ‘Goldf. 
Craticularia Fittoni, Mant. 
Doryderma ramosum, Mant. 
Elasmostoma scitulum, Hinde - 
Guettardia stellata, Mich. - 
Heterostinia obliqua, Benett 
Leptophragma Maurchisoni, Goldf. 
Pachinion scriptum, Rom. 
Pholidocladia ramosa, Hinde - 
Pharetrospongia Strahani, Sollas 
Plinthosella’ compacta, Hinde 
squamosa, Zvtt. 
Plocoscyphia convoluta, 7. Smith 
5 labrosa, T. Smith 
Porochonia simplex, 7. Smith 
Porosphera globularis, Phil. 
” 
33 Woodwardi, Carter - 
Siphonia Keenigi, Mant. - 
Steletta inclusa, Hinde 
Stichophyma.tumidum, Hinde 
Ventriculites convolutus, Hinde 
cribrosus, Phil. © 
decurrens, 7. Smith 
33 impressus, 7. Smith 


” mamumuillaris, 7. Smith 
radiatus, 7. Smith 


infundibuliformis, S. Woodw. 


pileolus, Lam. (=P. urceolata, Phil.) 


et 


i | 


i | 


bo Pt pd OO OO ob od od od 


bol OD Ot Pd Bd od Od OD Dd Od Od od bd od De dd odo OO 


| 


be bd Pd Pd Bd Pd Pd be od Oe dL OO Od Od oe Oo 


ratus. 


bd bd Dd Pd LO dO OO OO 


THE INLAND PARTS OF SUSSEX. 45 


CHAPTER IV. 
THE UPPER CHALK IN SUSSEX. 
2. THe Intanp Parts. ‘ 
GENERAL DESCRIPTION. 


No one has yet attempted any detailed description of the Upper 
Chalk in the inland parts of Sussex ; it would need a special recon- 
naissance and much careful collecting of fossils to trace the suc- 
cessive zones from east to west through the length of the county. 
A study of the slight lithological differences in the chalk and in 
the physical features of the country would doubtless assist anyone 
who undertakes such a reconnaissance. Thus my colleague, Mr. 
C. Reid, makes the following observations :— 


“The chain of hills in the middle of the South Downs probably 
represents the feature made by the firmer chalk of the Belem- 
nitella zones resting on the soft chalk of the Marsupites zone. 
Sections are extremely rare in this feature, and it cannot be fol- 
lowed for any great distance continuously, though isolated hills 
are traceable eastward along the same line as far as Brighton.” 


Mr. W. Hill examined some of the quarries near Lewes, 
Arundel and Houghton in 1897, and Mr. Rhodes collected 
fossils from these and other places. 


Zonal exploration, so far as it has been carried, seems to show 
that the highest chalk in Sussex belongs to the zone of Actinocamaz 
quadratus, and, further, that a greater thickness of this zone comes 
in at some localities than at others. Thus near Seaford there is 
at least 150 feet of this zone, while near Arundel there can hardly 
be more than 100 feet. As, however, the higher zone of Belem- 
nitella mucronata is present in Hampshire, the full thickness of 
the A. quadratus zone probably comes in to the westward. 


If the above view is correct, the Chalk must have been bent 
into broad undulations before the deposition of the Eocene series, 
and the flexures must be truncated unconformably by the basal 
plane of the Eocene, a conclusion which is of some importance. 


STRATIGRAPHICAL DETAILS. 


As the courses of the rivers Ouse, Adur, and Arun traverse the 
Chalk area from north to south at right angles to the strike of 
the beds, the valleys of these rivers form a convenient means of 
making three traverses across the Upper Chalk. Professor Barrois 
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took advantage of this means of examining some of the inland 
exposures, and we propose to follow his example, taking the dis- 
tricts in the order above mentioned. 


1.—Valley of the Ouse, near Lewes. 


Some of the quarries which expose the zone of Holaster 
planus have been described when dealing with the Middle Chalk 
(see Vol. II. p. 402); but the section to be seen in the northern 
part of the large quarry known as Southerham limekiln quarry 
remains to be described. This locality has acquired a special 
interest from the curious bed of phosphatic chalk which is 
found in it. The following account is taken from Mr. Strahan’s 
description. * 


A small bank at the eastern end of the long line of limekilns 
affords a good view of the junction of the Upper and Middle sub- 
divisions, and of the phosphatic band in question. A section 
about the middle of the cutting showed in descending order :— 


Feet. 
Massive chalk with flints. 
Flaky white chalk with a few flints (H. planus) 4 
Phosphatic chalk [with brown grains] and some nodules 
partly green and partly brown, up to 1} inches in diameter 1} 
Hard creamy limestone, nodular, with calcite in veins and 


cavities, some green coated nodules - 14 
Hard white compact chalk, traversed by branching pipes 

and thin laminz of phosphatic chalk - 3 
Chalk as above but with less phosphatic matter 3 


West of this point the phosphatic band thickened up to 2 feet 
4 inches in ten yards, while in the same distance to the eastward 
it decreased to about 2 inches only, showing the local and imper- 
sistent character of the deposit. It is curious that this phosphatic 
chalk does not occur in any of the other exposures‘near Lewes, 
though several traverse the horizon at which it occurs. 


The underlying hard lime-stone resembles the Chalk Rock of 
more western counties and seems to be a local development of it. 


Above these beds there is a considerable thickness of chalk, 
with regular layers of flints, from which Mr. Rhodes obtained 
Micrasters of the cortestudinarium type, Cidaris clavigera, Rhyn- 
chonella reedensis, and other fossils (see list on p. 49); but the 
highest part probably belongs to the zone of M. coranguinum. 


The large quarries south of Offham exhibit a fine section through 
the zones of Micraster cortestudinarium and Holaster planus into 
the Terebratulina zone, but there is nothing which can be 
called “ Chalk Rock,” and the beds in which Holaster planus is 


Some 


* Quart. Journ. Geol. Soc., Vol. lii, p. 468. (1896). 
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Common are not so thick as usual. The section was measured 
by Mr. Hill, who furnishes the following account of it :— 


Ft. in. 
Firm white chalk with renin layers of flints, 
g inaccessible - about 50 0 
3 Firm white chalk, ine between two continuous 
§ layers of flint - 2 8 
& Firm white chalk with a few scattered flints, 
8 5 a Micraster like urtentncerar team 12 0 
% 8 ) Bedofflints- - 1 0 
BS) Rough lumpy éhatk, consisting ee yellowish 
eo lumps in a soft mealy matrix 1 8 
= Firm smooth white chalk with a few setteraa 
S flints, Micraster precursor 10 0 
Q Firm white chalk with scattered flints - 3 0 
RS Massive white chalk without flints 3 3 
Firm white chalk with scattered flints and a 
marked layer of flints at the base - 6 0 
Firm white chalk with occasional flints in lines 
at about 3 feet intervals, Micraster precursor 21 O 
A thin seam of marl Oo 1 
z Rough lumpy chalk, of yellowish lumps in a 
§ pes which weathers to mealy dust 
= Cyphosoma radiatum, Terebratula carnea, 
Sa caphites like equalis  - ae 1 3 
B38 Massive course of creamy white chalk, rather 
eae lumpy, with Hol. planus and Micraster sp.- 3 O 
8 | Well marked seam of marl - Oo 2 
“s Rough lumpy whitish chalk with three jssek 
Sy of flints, Hol. planus 8 6 
cS} Chalk full of scattered flints - 1 6 
= Rather rough lumpy chalk with greyish 
streaks, three layers of flints, Hol. planus, 
Mier. Leskei, and Lima granosa - +11 0 
Seam of marl - . 
Firm, smooth white chalk, seen at intervals round the 
base of the quarry, Ter. gracilis var lata 6 O 


Total, about 142 0 


Mr. Rhodes got many fossil from these beds, and the species 
identified by Mr. E. T. Newton seem to show that the fauna of 
the H. planus zone extends into and perhaps to the top of the 
beds grouped in 21 feet. 

The highest part of the zone of M. cortestudinurium 
appears to be exposed in the upper pit on Offham Hill, 
now disused. At the bottom of this Mr. Rhodes found a 
band of hard yellow chalk, 14 feet thick, and a continuous 
layer of flint about 8 feet above it. This pit is about 60 
feet deep in chalk, with many layers of flints,and from it Mr. 
Rhodes obtained some of the fossils in the following list. 


Part of the succession from the Terebratulina zone upward 
is exposed in the Bridgewick pit, north-east of Lewes; but it 
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is not so accessible as at Offham. Many of the flints occurring 
in the zone of M. cortestudinarium are cavernous. 

Still further west in a road-cutting on the escarpment west of 
Plumpton Mr. Hill founda set of hard beds, which appeared to 
represent the Chalk Rock, and above these a series which 
certainly includes parts of the zones of H. planus and Mier. 
cortestudinarium. From 10 feet above the hard beds he obtained 
a large Micraster since identified as M. Lesket, and two feet 
higher he found M. precursor. Still higher, at from 20 to 25 
feet above the hard beds, he obtained two M. precursor of a 
facies suggesting the zone of M. cortestudinarwum. 

The zone of Micraster coranguinum comes in at the western 
end of.the Southerham limekiln quarry. When collecting 
fossils here for the survey, Mr. Rhodes noticed a bed of 
hard yellow chalk at the highest point he could reach, about 
forty feet above the floor of the quarry; this bed he took to 
be at the junction of the M. coranguinwm and M. cortes- 
tudinarium zones. Above it there is a considerable thickness 
of chalk, probably 100 feet, and Mr. Rhodes found that some 
blocks which had fallen from this were crammed with large 
fragments of Inoceramus. 


A quarter of a mile further north, in what is called the “ Snow- 
drop ” or “ Navigation ” quarry, a similar section is seen. This 
is in the centre of the syncline (see Fig. 33, p. 55), and the beds 
arv nearly horizontal. Mr. Rhodes reports the succession to 
ve as follows :— 

Feet. 
Chalk with many flints in layers from one to 3 feet 
apart, upper 30 feet inaccessible about 90 
Marked layer of ‘tabular flint. 
Hard yellowish chalk with occasional green-coated 
nodules . about 4 


Massive white chalk with layers of flints at intervals of 
5 or 6 feet, many of the flints are cavernous. about 60 


From the hard band Mr. Rhodes obtained Echinocorys scutatus, 
Galerites albogalerus, several Micraster cortestudinarium, Micraster 
precursor, and some other fossils. The Micrasters have the 
aspect of those which occur at the junction of the two zones, but 
no typical M. coranguinwm was found; the presence of Galerites 
albogalerus is suggestive of the higher zone, but does sometimes 
occur in that of M. cortestudinarium, so that we incline to regard 
this bed as the local top of that zone. 


Fossits From Pits near LEwEs, 

The following list of fossils from the pits near Lewes is 
the result of collections made by Mr. Rhodes for the Geo- 
logical Survey, supplemented by those recorded by Professor 
Barrois :— 


THE INLAND 


PARTS 


OF 


SUSSEX. 


i 
N=} 


Zone of 
Hol. planus. 


Zone of 
Micraster 
cortestudinarium. 


Zone of 
Micraster 
eoranguinum 


Pisces. 
Ptychodus Oweni, Dizon -  - 
s mammuillaris, Ag. - 
Fish remains - = 


Cephalopoda. 
Scaphites cf. equalis, Sow. - 


Lamellibranchiata. 
Inoceramus Cuvieri, Sow. 


3 Lamarcki, d’Orb. (non Par i) 


a mytiloides ? Sow. 

35 striatus, Sow. - - 

5 undulatus, Mant. - 

2 ” 8p. * 

Lima granosa, Sow. - - 

» Hoperi, Sow. - 

Ostrea normaniana, L'Orb. 
»  Ssemiplana, Mant. 

» _Vvesicularis, Zam. - 

Spondylus spinosus, Sow. - 

3 striatus? Sow. - 


Brachiopoda. 
Crania parisiensis, Defr. - - 
Rhynchonella plicatilis, Sow. — - 
3 limbata, Schloth. 

reedensis, Eth. 

Terebratula semiglobosa, Sow. 


Terebratulina gracilis, Schloth.var. 


3 striata, Wahl. - 


Bryozoa. 
Alecto sp. - oe 
Entalophorasp. - - -— - 
Eschara sp.-  - so - - 
Idmonea subcylindrica Roemer - 
Homeeosolen ramulosus, Lonsd. - 


Echinodermata. 
Bourgueticrinus sp. - - - 
Cidaris clavigera, Konig - 

»  Merceyi, Cott. - - 
»  sceptrifera, Mant. - - 
»  subvesiculosa, d’Orb. 
Echinocorys scutatus, Leske 
Cyphosoma corollare, Klein - 
. radiatum, Sorig. - 
Galerites albogalerus, Leske - 
Holaster planus, Mant. - 
Micraster coranguinum. Leske 
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a rear =I 
se | v8 | we 
N S NG 5 NS 
Micraster corbovis, Forbes S 
si cortestudinarium, Goldf. - - Ss 
“s Leskei, Desm. (= breviporus) NS) 
= precursor? Rowe - -}) § s 
Salenia granulosa, Forbes - - s 
Annelida. 
Serpula cincta Goldf. - - B 
»  iium, Sow. rs) 
»  Pplexus,Sow. - - - - SS) 
Actinozoa. 
Diblasus sp. - - Ss 
Spongida. 
Camerospongia campanulata, 7. Smith -| S 
Porosphera globularis, Phil.  - - Ss 
Ventriculites decurrens, 7. Smth Ss 
4 impressus, 7’, Smith Ss 
i. mammillaris, 7. Smith + -| § 
- radiatus, Mant. - -| 8 


2.—Valley of the Adur. 


There are not many exposures along this valley, but Mr. Reid 
found a large quarry, south of Lock Barn, near Beeding, showing 
about 140 feet of chalk with flints, which appears to belong 
to the zones of M. cortestudinarium and M. coranguinum. 

Further south chalk with many flints is exposed in a_pit, 
close to road and rail, at Old Erringham Farm, which is probally 
in the zone of M. coranguinum. 


At Old Shoreham there is.a quarry from which Prof. Barrois 
obtained Marsupites-plates, together with Echinocorys gibbus, 
Micraster coranguinum, Rhynchonella octoplicata, and other 
fossils. Here, therefore, the zone of Marsupites appears to be 
exposed ; but at Kingston, to the south-east, there is chalk with 
numerous layers of flints, which probably belongs to the 
zone of Act. quadratus. 


On the western side of the Adur valley there are three quarries 
near Lancing, two of which are certainly in the zone of Mar- 
supites. One of these is south of Burwell’s Farm, near Lancing 
College ; the chalk here is very soft, and contains but few flints 
Mr. Rhodes, when collecting here, found a bed about 15 feet above 
the floor of the pit in which Ostrea acutirostris was very abundant. 
The other is a large quarry in similar chalk south-west of Mill 
Hill, and in this Mr. Rhodes found Marsupites-plates to be abun- 
dant just above a layer of flints about 50 feet from the floor. 


The third quarry is near Hill Barn, North Lancing, and sh 
about 30 feet of chalk with layers of flints; this is probably in 
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the lower part of the Act. quadratus zone, for a Belemnite of this 
type was found, and Bryozoa are abundant, but no specimen 
of Offaster, generally so common in that zone, was discovered. 

The following is a list of the fossils found by Mr. J. Rhodes in 
the quarries above mentioned :— 


Quad. 


zone. 


Corangui- 


nuim zone. Marsupite zone. 


North 
Lancing. 


Old 
Shoreham. 


Lock Barn. 
Mill Hill. 


Actinocamax sp.- - - 
Lima leviuscula ? Sow. - = = = = 
Ostrea acutirostris, Vilss.- —- - - - x 

x 


4 


»» normaniana, d’Orb. - - - x - 

» vesicularis, Lam. - -| - - x 
Pecten (Chlamys) cretosus, De/r. - = ed = 

»  (Neithea) 5-costatus, Sow.- | — - - x 
Plicatula sigillina, S.P. Woodw. 
Spondylus latus ? Sow. -  - 

- spinosus, Sow.- = - 
Crania egnabergensis, Retz. - - 
Rhynchonella plicatilis, Sow. 

limbata, Schloth. - 
Terebratula semiglobosa, Sow. 
Terebratulina gracilis, var. - 

A striata, Wahl. - 
Alecto sp. - - 
Escharina inelegans, Sow. - 

~ intricata, Lonsd - 

” sp. - 

Diastopora sp. - 

Semieschara arborea, d’Orb. 
Terebella lewesiensis, Davies - 
Serpula ampullacea, Sow. - - - - 

»  fluctuata, Sow. -  - - - - - - 

»  gfranulata, Sow. - - - - - - 

% macropus, Sow. - - -| - 

» plexus, Sow.- - -| - 
Bourgueticrinus ellipticus, Goldf. - - 
Cidaris clavigera, Kénig. - - x 

» sceptrifera, Mant. -  - ~ 

»  Merceyi, Cott. - - - 
Echinocorys scutatus, Leske - - 
Micraster coranguinum, Klein - 

os cortestudinarium, Goldf. 

3 precursor, Rowe. 
Marsupites testudinarius, Schloth. 
Parasmilia sp. - - 
Callodictyon ? - - 2 
Pharetrospongia Gtiahant, Sollas. - 
Porosphera globularis, Phil. 

a urceolata, Phil. - - 

Woodwardi, Carter - 
Ventriculites eribrosus, Phil, - — - 
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3.—Valley of the Arun and Westward. 


No goad sections of the zone of H. planus were found near 
Amberley, but it is traversed by the railway cutting about half a 
mile south of the station, at the east end of a short tunnel. Mr. 
Hill examined this in 1897 and described the chalk as lumpy and 
of a creamy-yellow tint ; no continuous section can be taken, but 
Micrasters are very numerous, and are all of the “low-zonal ” 
M. precursor type; they are associated with E'chinocorys scutatus, 
Rhynchonella plicatilis, Rh. reedensis, Terebratula carnea, etc. 
These beds probably belong to the upper part of the Holaster 
planus zone. 


Parts of the two lower zones are exposed also in the quarry on 
Duncton Hill, about two-thirds of a mile south-west of Duncton 
church. Mr. Reid found the lower part obscured by talus, but 
the face above this exposed about 2 feet of hard nodular chalk, 
surmounted by 20 feet of chalk, with many flints, which are grey 
inside. This probably includes the junction of the zones of H. 
planus and Mf. cortestudinarium. : 


We are indebted to Mr. R. M. Brvdone, F.G.S., for the follow- 
ing list of fossils which he las found in this quarry :— 


Ostrea vesicularis. Cidaris clavigera. 
Exogyra haliotoidea. Cyphosoma sp. 
Inoceramus sp. Echinocorys gibbus. 
Plicatula Barroisi. Holaster planus. 
Terebratula semiglobosa. Micraster sp. 
Rhynchonella plicatilis. Pentacrinus. |} 

i reedensis. : 


The lower part of the zone of M. coranguinum and its junction 
with that of M. cortestudinarium are exposed in the large quarry 
south-west of Houghton. The section here was taken by Mr. 
Hill in 1897, and is as follows :— : 


Ft. in. 


Chalk with layers of flints (inaccessible) - -250 0 
Seam of flint, nearly continuous, but breaking 
here and there into nodules - - - 02 
Rather hard white chalk with scattered flints, 
‘ yielded a typical Micraster coranguinwm and 
Ss aS Echinocorys scutatus - -  - 10 0 
«..& | Continuous seam of flint - - - - 08 
. = { Rather soft white chalk with a few scattered flints 
a § near the base - - = -  - 5 0 
N § | Soft mealy chalk, with lumps of hard yellowish 
8 compact chalk, with Micraster precursor and 
other fossils  - - - - - - 16 
Thin seam of marl -~ = 5 - 1 
A massive bed of firm white chalk, with a few 


scattered flints near the base - . 8 


“Oo 
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Ft. in, 
Massive bed of rough lumpy chalk, hard creamy 
yellow lumps cemented. together i in a matrix 
g of lighter colour, the whole course being hard 3 38 
: Continuous seam of flint - = - Oo 2 
y © | Hard white chalk veined with grey DG 
mm A conspicuous layer of large flints - 0 8 
© 3 Smooth and firm white chalk, rather broken up 
B 3 where measurements were taken, forming a ; 
Ne sort of ledge in this part of the quarry - 4 6 
8 | Massive firm white chalk without flints - - 3 6 
Massive firm white chalk, with flints both scat- 


tered and in layers ; no fossils seen about 50 O 


About ote oe Se ww £1Ba 6 


Owing to the scarcity of fossils the exact limit-plane between 
the zones cannot be determined, and it is possible that it should 
be taken rather higher up than we have placed it. Micrasters 
taken from the 18 inches of soft mealy chalk are all of the pre- 
cursor group and are such as would occur about the horizon of 
passage from one zone to the other, and the otber fossils (see p. 55) 
do not include any special zonal guide. 

Other pits to the southward show white chalk with layers of 
black flints, featureless, but unquestionably belonging to the 
zone of M. coranguinum. From one half a mile west of South 
Stoke Mr. Rhodes obtained Septifer lineatus, Micraster coran- 
guinum, and Ventriculites cribrosus. 

A large quarry at the back of the Black Rabbit Inn appears to 
show the junction of the M.coranguinum and Marsupites zones. 
Mr. Hill reports that the lower 60 or 70 feet here exposed consists 
of firm chalk with many layers of black flints ; the upper 50 feet 
shows soft chalk with few flints; only a few sparsely scattered 
nodules or in lines at distant intervals. 

Similar chalk with few flints is seen in the river-cliff at Burpham, 
on the eastern side of the valley. This was searched by Mr. Rhodes, 
who found Marsupites and Terebratulina Rowei ina band, which is 
first seen about 50 feet above the river, but comes down to the 
water-level further south, and thus definitely fixes the position of 
the Marsupites zone at this place. About 15 feet above this band 
he found a bed of oysters like that at Burwells Farm, Lancing. 
Near the top of the cliff he noticed a layer of lumpy yellow-stained 
chalk, containing some Serpule, Bryozoa, and decomposed Sponges. 
' The section is continued in a pit by the high road W.N.W. of 
Warning Camp Hill, of which Mr. Rhodes sends me the following 
note :—‘‘ About 10 feet above the floor of the pit is a bed of stained 
chalk, containing rotted sponges, Serpula, and a layer of flint 
nodules, which seems to be the same as that seen at the top of 
Burpham cliff. Above this is chalk with few flints, and about 
22 feet above the floor is a 4-inch layer of marl, succeeded by 
chalk with marly layers, for 12 feet, in which Offaster pillula is 
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Fic. 33.—Section through the hills east of Lewes. Scale 6 inches to a mile. 


Fic. 34.—Section along the east side of the Valley of the Arun. 


Horizontal Scale, one inch to a mile. 


Vertical Scale, 800 feet to an inch. 


d. Zones of Micrasters. 


6. Middle Chalk. 
a. Lower Chalk. 


ce. Zone of Hol. planus. 


| 


Zone of Act. quadratus. 


. Eocene Beds. 
. Zone of Marsupites. 
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common. ‘l'his may be regarded as the base of the Actinocamax 
quadratus zone. The large pit on Warning Camp Hill shows 
chalk with some thin flint floors and frequent layers of flint 
nodules, and is probably in the Act. yuadratus zone, though its 
base may be in the lower zone, as Mr. Rhodes found a M. arsupttes- 
plate here. By the side of a small stream west of Arundel is a 
pitin chalk with layers of black flints, probably in the zone 
of Act. quadratus, though no Belemnite was found. 

The following is a list of fossils obtained. by Mr. Rhodes from 
the quarries above mentioned :— : ; as 


Houghton. 
=_eC-~e—e=—~N 


Lower Beds. 
Warning Camp. 
Warning Camp Hill. 
Arundel. 


~ Higher Beds. 
Burpham. 


Pisces. 
Ctenothrissa - - -~ - 
Fish vertebre -  - -~ - 
Mollusca, 
Inoceramus sp.- - - - - 
Lima Hoperi, Sow.- = - 
»  Semisuleata, Sow - 
Ostrea acutirostris, Nilss. -  - 
normaniana, d’Orb. - 
semiplana, Mant.- - 

»  vesicularis, Lam. - 
Pecten (Chlamys) cretosus, Defr.(= 
P. nitidus, Mant.) - 
(Neithea) quadricostatus, Sow 
5 »  quinquecostatus, Sow. 

Spondylus dutempleanus, d’Orb. 

3 spinosus, Sow.- - 
striatus ? Sow. 
Brachiopoda. 
Craniasp.-  - = : 

Kingena lima, Defr. - 
Rhynchonella limbata,- Schloth. 
plicatilis, Sow. 
” 4 ” (young) Fi 
Terebratula biplicata ? Sow. - 
ri semiglobosa, Sow. - 
Terebratulina Rowei, Kitchin 
striata, Wahl. - 
Bryozoa. 
Alectosp.- - - - - 
Berenicea papillosa, Reuss. : 
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Entalophora obliqua ? d’Orb. 

i sp. - = - 
Eschara sp. - - - 
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| Houghton. | 

—~——~. j= 

& | @ 

_— si2 1212 \6 
oa) eae oe ee ea ee 
ela} fie Pa | 
S|} gf/e|e |] 4 

Escharina sp - - -— - - - x x 
Idmonea sp. - - = - |x - 

Pustulipora (Hammia) ‘pastulos, 
Goldf. - - ~- x - x = 
Semieschara sp- - ee (a ee ee oe Wa 
Annelida. 
Serpula ampullacea, Sow- - -| — - = = = x 
- plexus, Sow. - - <-| - x x x - - 
a pusilla, Sow. - - -| - - - - - x 
5 turbinella, Sow. - - -| - = - - x x 
Terebella lewesiensis, Davies- -| — = - - - x 
Echinodermata. 
Bourgueticrinus ellipticus, Goldf.| —- - x - [= x 
Cidaris (spines) - - - - - = = x x 
Echinocorys scutatus, Leske - -| — x x x x - 
Galerites sp. - = - + -] = - x - - - 
Goniaster (ossicles) - - - -| x - x - x - 
Holaster planus, Mant - - -/ x af = - - - 
Marsupites testudinarius, Schloth. - | —- - x = x - 
Micraster coranguinum, Klein -| - x q - - - 
45 cortestudinarium, Goldf x - - = - - 
* precursor, Rowe - -| x x oa - - - 
Offaster pillula, Lam.- - -| —- - x x - - 
Parasmilia sp. - - = x a - 
Spongida. 

Callodictyon sp. - ef - - x x - - 
Porosphera globularis, Phil. - - - x x - x 
- urceolata, Phil. - = - - - x ~ 
55 Woodwardi, Carter -| - - x x x - 
Placotrema cretaceum, inde = x - - = = 
Ventriculites cribrosus, Phil. x - x - = 
$5 impressus, 7. Smith - x x = - - 
” Sp. he = = - - - - - x x 


A boring recently made at Goodwood has traversed the Chalk for a 
depth of 1,012 feet without quite reaching its base. Details are given by 
Mr. C. Reid in a memoir on “ The Geology of the Country near Chiches- 
ter,’! 1903, p. 31. 
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CHAPTER V. 


THE UPPER CHALK IN SOUTH AND CENTRAL 
HAMPSHIRE. 


GENERAL DESCRIPTION. 


Under this-head we shall describe what is known with regard 
to the zones of the Upper Chalk in that part of Hampshire which 
lies south of a line drawn midway between the limits of the Tertiary 
basins of London and Hampshire, and we may consider such a 
line to pass through the towns of Andover and Micheldever. 

This area includes the prolongation of the southern axis of the 
great Wealden uplift, the anticline which runs through Peters- 
field and Winchester. It also includes an axis which crosses the 
valley of the Test near.Stockbridge, which was first discovered 
by Professor Barrois in 1876 ; this anticline may be a prolongation 
of the first, but we are inclined to regard it as a separate subsidiary 
axis, setting in rather to the north of the point where the Win- 
chester axis appears to die out. 

From these two anticlines the beds dip gently to the north, 
and soon become flattened out over the central part of the broad 
area of the Chalk ; southwards the dip is a little steeper, and is 
steadily maintained till the higher zones are carried beneath the 
main boundary of the Eocene series. 

Further south, and within the Eocene area, there is another 
important anticlinal uplift, that of the Portsdown and Chichester 
anticline, which brings the highest zones of the Chalk up to the 
surface along an area about two miles in breadth to the north of 
Portsmouth and Chichester harbours. 

The chalk of the southern part of Hampshire is, of course, a 
continuation of that of Sussex, and, so far as we know, the several 
zones present the same general characters in Hants as they do 
in Sussex: Apart from the special abundance or restriction of 
certain species of fossils by which the zones may be recognised, 
they are also distinguishable to a certain extent by the characters 
and relative abundance of the flints which they contain. Thus, 
those in the two lowest zones are generally solid and dark 
grey inside, this grey flint often blending gradually into a 
white crust. The zone of Muicraster coranguinum contains a 
larger quantity of flints per cubic yard than any other part of the 
Chalk; the layers are nearer together and the flints are often 
large, and frequently of a reddish or brownish colour, but often 
cavernous, and enclosing remains of Sponges and of Bryozoa. 
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The zone of Marsupttes presents a great contrast in having but 
few flints, either scattered or arranged along planes at distant 
vertical intervals, and occurring but sparsely even along such a 
plane. In the zone of Actinocamaz quadratus flints become more 
abundant again, but there is generally from 3 to 6 feet, and some- 
times as much as 10 or 12 feet of chalk between the layers of 
flints ; moreover, the flints are generally small, or rather small, 
solid and black inside, with a moderately thick white crust or rind, 
which is often stained yellow on the outside. In the zone of 
Belemnitella mucronata flints occur in layers at still more frequent 
intervals, but they are generally small, rounded, and have only a 
thin white crust. 

No precise estimates have yet been made of the thickness of 
the several zones, but Mr. Ch. Griffith, of Winchester College, to 
whom I am indebted for much information respecting the Chalk 
of Hampshire, agrees with me in thinking that the following 
estimates are approximately correct :— 


Zone of Bel. mucronata - about 80 feet. 
» Act. quadratus - - 200 ,, or more. 
»  Marsupites - - 150 ,, 
»  Micr. coranguinum - - 200 ,, or more. 
. » cortest. and H. planus 50 to 60 feet. 


from 680 to 700 feet. 


Owing to the irregular outcrop of the beds, it will be convenient 
to describe the exposures in separate areas from east to west. 


1. OuTcROPS NEAR ALTON AND PETERSFIELD, WITH INLIER 
or PorTspown. 


The zone of Holaster planus is believed to pass from 
Sussex into Hampshire on Butser Hill, south of Ramsdean and 
Petersfield. Thence a line for the representative of the Chalk 
Rock has been drawn westward along the summit of the downs 
that form the southern border of the Meon valley to Combe, 
and thence for some distance down the valley which opens west- 
ward from that place. Returning, it passes by Drayton, north- 
west of Hast Meon, and thence eastward to Bordean and Froxfield, 
whence it runs north-westward again in an irregular manner. 

But: my colleague, Mr. Hawkins, informs me that there are no 
good sections in this district, and that he found no exposures of 
Chalk Rock or hard nodular chalk, so that the line engraved on 
the new one-inch map of the Geological Survey is merely an 
approximate boundary drawn below all exposures of the “ chalk 
with many flints.” 

More recently Mr. C. Griffith has found the chalk with Hol. 
ele exposed in a chalk-pit, near Becksteddle F arm, south of 


ast Tisted, and again in a cutting on the new railway line 
nearly 3 miles N.W. of Alton. 
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Higher Zones, —Along the continuation of the South Downs 
into Hampshire there are occasional exposures of chalk with many 
flints, which probably belong to the zone of Micraster coranguinum, 

The only zonal identification of any exposure in this district, 
however, is that of a small quarry near Clanfield, about 5 miles 
3outh-west of Petersfield, where Messrs. Griffith and Brydone 
have found Afarsupites-plates and about thirty other species of 
fossils, a list of which they have kindly placed at my disposal 
(see p. 65). The chalk is soft white, and contains many solid 
black flints scattered through it, but not in layers. 

The zone of Actinocamaz quadratus comes on further to the 
south, and was identified by Professor Barrois, who remarks: 
“Many quarries are open at Seberton, the chalk dipping at 5° to 
the south, and containing many black flints, rather large and of 
rounded shapes. At Inklefield Farm a quarry shows chalk in 
contact with the Eocene, with very many flints in regular layers 
about 5 feet apart; they are rounded and black throughout. 
Echinocorys ovatus is abundant, and I also found Spondylus latus.” 

It is very probable that this chalk at Inklefield belongs to the 
zone of Belemnitella mucronata, for though that has not yet been 
recognised as existing along this part of the Eocene border, still 
it is found in the Portsdown inlier to the southward. 

The Portsdown inlier extends from the south of Havant 
to tthe north of Fareham, and is a tract of chalk brought 
up within the Eocene area by an anticlinal axis. The 
zone of Belemnitella mucronata was recognised here by 
Professor Barrois, and the following is a translation of his 
account of the district :—“ There is first a series of quarries at 
the base [of the hills] by Bedhampton, Farlington, Cosham, and 
Paul’s Grove, in which flints are either few or entirely absent. 
Where there are few flints, as at Paul’s Grove, the chalk is identical] 
with that of Margate, both in its mineralogical characters and in 
its fauna. These quarries show a thickness of about 160 feet of 
chalk belonging to the zone of Marsupites. In that at Farlington, 
as well as at the bottom of the large quarry at Paul’s Grove, there 
is a yellow nodular band, which is possibly the same as that seen 
at Rottingdean (near Brighton) .... At the top of the hills 
the chalk contains many flints; it can be examined near Red- 
hampton, Belmont Castle, and especially in the ditches of. the 
forts which have been constructed ‘on these heights—Fort Nelson 
and Farlington Fort; at the latter the beds dip northward. At 
12° flints are numerous, rounded, black with a thin white rind, 
and some are hollow . . . . About 60 feet of such chalk is visible, 
and it belongs to the zone @ Belemnitelles (niveau. de Meudon). 
The Cardiaster Héberti and Belemnitella mucronata which I 
found are quite characteristic.” (‘‘ Recherches,” p. 34). 

It is only necessary to remark that the lower zone referred to is 
that of Actinocamaz quadratus and not that of Marsupittes, 
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and that the remark that it is identical with the Margate Chalk is 
not quite correct. 


2. WINCHESTER DISTRICT. 


The zone of Holaster planus is exposcd at several places 
near Winchester. The junction of the zones of Terebratulina 
and Holaster planus was formerly well exposed in a large old 
quarry on the western side of Twyford Down, but Mr. Griffith 
informs me that a large part of this is now obscured by talus, and 
only small exposures exist at the top and bottom of the pit. 

Fortunately, however, Prof. Barrois found the section fairly clear 
when he was in England, and has recorded it on p. 41 of his 
“Recherches.” He says the dip observable here was 8° to the 
south, and the following is a translation of his account, read in 
descending order :— 


Ft. in. 
9. Chalk with layers of flints, which are generally 
cavernous. Inocerami with thick shells - - 13:0 
* 8. Nodular chalk with numerous flints, partly covered 
S33 | by talus, Micraster cortestudinarium - 33 0 
=8 7. Nodular white chalk, with AHolaster planus, 
me 5 | Micraster breviporus, Rhynch. Cuvieri, Spondylus 
S spinosus, etc. = - = - 6 6 
6. Layer of grey clay’ - 5 o 14 
8 5. Very nodular chalk - - 13 0 
<S _ | 4. Layer of yellow nodulesin white chalk — - Oo 8 
s 2 }3. Compact white chalk, Terebratulina gracilis 
58 (? var. lata] - os - - 08 
= 2. Band of soft marl - - = = = 0 6 
cS 1. Compact white chalk, with bands of marl, a few 
scattered black flints- - - - - - 13 0 
About 80 0 


Prof. Barrois does not indicate any zonal limits, and the brackets 
are consequently my own, the base of the H. planus zone being 
placed where that species and Micrasters first become common 
fossils. No. 9 may belong to the overlying zone, to which Prof. 
Barrois refers the beds seen in an adjoining quarry by the side of 
the road a little further south. He describes the chalk in this pit 
as hard and nodular, containing brownish-black flints of irregular 
shapes, and the following fossils: Micraster cortestudinarium, 
M. breviporus ?, Holaster placenta. Of this quarry Mr. Griffith 
writes :—“ The chalk is gritty and rather soft when wet, much 
harder when dry, so that fossils are otfen difficult to clean. The 
pit has been continuously worked and well searched for fossils, 
and has consequently -yielded a long list of species with some of the 
rarest forms. Casts of Cephalopoda and Gasteropoda are fairly 
common at times.’ He considers the challx to be part of the zone 
of Holaster planus. 
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This zone is also exposed in a quarry by the railway crossing at 
St. Cross, which has yielded a few of the usual fossils. 

Mr. Griffith considers it doubtful whether any -definite zone 
ot Micraster cortestudinarium can be distinguished in the Win. 
chester district, but specimens apparently referable to this species 
were found in the tunnel under St. Giles’s Hill, and in the cutting 
at the northern entrance to the tunnel, which he believes to be 
in the base of the M. coranguimum zone. 

The zone of M. coranguinum is shown in pits near Alresford, 
Ovington, Itchen Abbas, Chilland, Martyr-Wortley, and Easton, 
Professor Barrois remarks that in all these quarries the dip is to the 
north, that flints are numerous, brownish and banded (zonés), 
occurring in layers at distances of 3 to 6 feet apart, and that speci- 
mens of Micraster coranguinum are abundant and well preserved. * 

To Mr. C: Griffith, of Winchester College, and to Mr. R. M. 
Brydone, F.G.S., I am indebted for the following particulars :— 
The chalk of the railway cutting near Headbourne Worthy prob- 
ably belongs to the M. coranguinum zone. The record of Marsupites 
there is based on a single plate found many years ago by the Rev. 
A. B. Burnett, but neither Mr. Griffith nor Mr. Brydone have 
ever found one, and the latter writes: ‘The relative abundance 
of Galerites and Cidaris would lead me to refer it to the M. coran- 
guinum zone.” The base of the zone is exposed in a cutting beyond 
the northern end of St. Giles’ Hill tunnel, where the dip is akout 
63° north. Higher beds are seen in the next cutting to the north 
and in quarries north-east of Winnal, from which many fossils 
have been obtained by the members of the Natural History Society 
of Winchester College. 

A little further to the north-east are two other quarries, one 
south and the other west of the village of Easton. Of that to 
the south Mr. Griffith writes:—“The chalk is soft; flints are 
numerous, both scattered and in layers; they are of various sizes 
and shapes, the interior black, the outer skin fairly thick to thin, 
white, but sometimes showing a pinkish tinge. At the south end 
of the pit is a large sand-pipe filled with clayey gravel. Fossils 
are less numerous than at Winnal.” 

There seem to be no exposures of the M. coranguinum zone on 
the southern side of the Winchester anticline. Professor Barrois 
referred the chalk seen to the south of Compton to this zone, but 
as the Winchester collectors have found that Offaster pillula is 
the most abundant fossil in the pit and road-cutting, which are 
the only exposures there, this chalk cannot be older than the 
Marsupites zone, and most probably belongs to the zone of Act. 
quadratus. . 

The Marsupites zone,—<Accor ding to Professor Barrois, the 
chalk of this zone completely surrounds the Winchester uplift, 
and he may be correct. It is certainly present on the western 


* Recherches sur le Terr. Crét. Sup., 1876, p. 39. 
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and eastern sides, and probably on the southern, but it is doubtful 
whether it comes in on the northern side between Winchester 
and Micheldever. To the south of Winchester it should come in 
somewhere near Compton, but there seems little space for it and 
the M. coranguinum zone as well, nor have any Marsupites-plates 
yet been found at any of the exposures near that village. Possibly 
there is a line of fault across the valley there. 


East of Winchester, and near Alresford, there are several ex- 
posures in this zone. It is seen in the railway cutting at Alresford, 
in that at Ropley, and in two pits on the road from that place to 
Petersfield, nearly three miles south-east of Ropley Church. Mr. 
Griffith writes that the chalk in these sections is soft, and contains 
many scattered flints, which are solid and black inside, but have 
thick white rinds or crusts, the outside surface being often of a 
yellow colour. Plates of Marsupites are common, together with 
the pyramidal variety of Echinocorys scutatus, and the short thick 
barrel-shaped variety of Bourgueticrinus, both of which are 
especially characteristic of this zone in Hampshire. . 

The zone of Actinocamax quadratus forms a broad 
band along the northern border of the Hocene area south and 
south-west of Winchester, and is exposed in pits at Shawford, 
near Twyford, Hensting Farm, and Marwell road, and in three 
pits at Hursley. My informant, Mr. Griffith, describes the chalk 
seen in these pits as soft and white, massive where unweathered, 
with many flints, both scattered and in layers, at distances of 
3 or 4feet apart. 


North-east of Winchester Mr. Griffith has found it at Lyeway, 
near Ropley, but nowhere else in a northern direction within 
the limits of the area we are now dealing with. It has a wide 
extension in the more northern part of Hampshire. 


The zone of Belemnitella mucronata may also emerge in 
places along the border of the Eocene tract, though the evidence 
for it so doing is not at present very strong. Mr. Griffith com- 
municates the following facts regarding its occurrence. A speci- 
men of Bel. mucronata was found recently (February, 1898) in a 
pit on the western side of the railway at Shawford. Again, at 
Bishops Waltham in a pit by the gas works there is chalk, with 
many very thin-skinned flints, which has yielded Magas pumilus, 
a fossil which rarely occurs below the zone of Bel. mucronata in 
Hampshire. 


There can, of course, be no doubt that the zone of Bel. mucronata 
exists beneath the Eocene area, since it is present at Portsdown 
and also near Salisbury, as will be presently shown ; it is conse- 
quently merely a question whether its outcrop is continuous 
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round the border of the Eocene Beds or whether these latter 
overlap in places so as to rest on the lower zone of Act. quadratus. 


3. STOCKBRIDGE AND THE VALLEY oF TEST. 


Professor Barrois was the first to point out that the two main 
anticlinal axes of the Wealden uplift were prolonged through the 
Chalk plateau of Hampshire. In descending the valley of the 
Test he discovered that the base of the Upper Chalk was brought 
up by an anticlinal flexure near Stockbridge, and he inferred 
that this was a continuation of the Winchester axis.* Not having 
been able to visit this country ourselves, we cannot do more than 
give a translation of Professor Barrois’ account. He says: “To 
the south of Whitchurch and Andover the general inclination 
of the beds becomes northerly, so that the zone of Af. coranguinum 

_ soon makes its appearance in this direction. The heights [above 
the valley] consist of the Marsupites chalk, but at the level of the 
river Test at Middleton, near the farm of South Side, is a quarry 
which I refer to the zone of M. coranguinum. The section is as 
follows :— 


Ft. in, 
4, White chalk without flints, resting on the indurated 
surface of that below - 3.0 
3. Chalk with numerous layers of flints, which are hollow 
and full of sponge spicules, M. coranguinum, Echino- 
conus conicus, and other fossils - 1666 
2. Thick continuous seam or floor of flint 0 2 


1. Chalk forming the floor of the quarry. 


“To the South of Middleton, by Drayton and Van Dyke, the 
flints are banded (zonés) and in regular layers. The river Anton 
traverses the same beds, and a quarry at Cottonworth shows the 
M. coranguinum chalk dipping north at 6°. 

** At Kilecombe Bridge is a large quarry in soft white chalk 
with layers of flints from 2 to 3 feet apart, but poor in fossils ; 
similar chalk continues as far as Leckford .... . 

“ Near the bridge over the railway at Longstock the chalk is soft 
and homogeneous, with many flints, small, black, and scattered ; 
it is divided into beds about 18 inches thick either by flint layers 
or by seams of marl, and dips at 2° to the north; J/tcraster coran- 
guinum, Inoceramus involutus, Rhynchonella plicatilis occur. 
Above Longstock there is chalk with many flints in layers about 
a foot apart . . . . separated into beds by layers of mar! ; frag- 
ments of large Jnocerami abound in this quarry, forming con- 
tinuous layers. This chalk may also belong to the J/. coranguinum 
zone.” 

Nearer Stockbridge, however, he found chalk with -«craster 
cortestudinarium, and south of that place nodular chalk with 


*Recherches, 1876, p. 52. As already stated, however, it may be an 
independent axis. 
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Holaster planus and Scaphites Geinitzi, but both these species 
appear to be rare, and Messrs. Griffith and Brydone are inclined 
to consider this exposure to be in the zone of M. cortestudinarium. 
Nothing is visible which can be called “ Chalk Rock.’ At Marsh 
Court Farm is a quarry which Professor Barrois describes as 
showing the junction of the zones of M. cortestudinarium and M, 
coranguinum, but this supposition appears to be based mainly on 
the occurrence of a marked plane of division below the marly 
seam. The section he gives is as follows :— 


Feet. 
White chalk, with irregular layers of hollow black fins, 
M. coranguinum - 20 
Seam of light grey marl. 
Chalk with solid black flints, its upper surface worn and 
* indurated - - - 


As Hoopers Bottom Farm is another pit, which he referred to 
the upper part of the M. coranguinum zone, and at Park House 
Farm he saw chalk with few flints dipping at about 8° to the south, 
and referable to the Marsupites zone, and from it he obtained 
Marsupites testudinarius, Galerites albogalerus, Echinocorys gibbus, 
and Bourgueticrinus _ellipticus. This exposure Mr. Griffith has 
not been able to find. 


“The last exposures,’ writes Professor Barrois, “are just 
below the Tertiaries near Mottisfont Station ; in these fine quarries 
the dip is 3° to the south ; the chalk is soft and white with few 
flints in the lower 50 feet, but in the upper 50 feet flints are-more 
numerous in layers, light grey and slightly banded.” From 
these pits he obtained Inoceramus lingua, Pecten cretosus and 
Offaster pillula, and there can be little doubt that the upper 
beds are what we now refer to the zone of Actinocamaz quadratus.* 


FossILs FROM THE UppeR CHALK IN THE SOUTH AND CENTRAL 
Parts of HAMPSHIRE. 


For the following list of fossils I am indebted almost entirely 
to the researches of Mr. Ch. Griffith, of Winchester, and Mr. 
R. M. Brydone, who have collected carefully from all the most 
accessible exposures in the central part of Hampshire. They 
have furnished me with lists of the species found at each locality, 
and it is from these lists that the one now printed has been drawn 
up. Most of the specimens are in the Museum of the Winchester 
College Natural History Society. 


Most of the species listed under the head of Portsdown are 
quoted from Professor Barrois’ work (‘‘ Recherches” pp. 34 and 52) 


*Mr, Griffith informs me that A. granulatus does occur in the upper 
part of the quarry. The lower part is obscured by talus, 
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Corang. 
zone. 


Marsup. 


zone, 


Quadratus) 
zone, 


Muero- 
neta 
zone. 


Stockbridge. 


= | Zone of H. planus. 


bo | Winchester. 


oo 


® | Clanfield. 
o | Winchester. 


© | Hursley, &. 


~I | Portsdown. 


co | Portsdown. 


Pisces. 

Cimolichthys lewesiensis, Leidy 
Enchodus lewesiensis, Mant. - 
Lamna appendiculata, Ag. -  - 
Macropoma sp. 
Oxyrhina Mantelli, Ag. - - 
Protosphyrena ferox, Leidy 
Ptychodus mammuillaris, Ag. 

» _ polygyrus, Ag. - 
Scapanorhynchus rhaphiodon, Ag. 


Cephalopoda. 
Ammonites [Lytoceras] Jukesi, Sharpe 
i [Prionoc] Neptuni, Gein. - 
a [Pachydiscus] peramplus, 
Mant. - ee 
Aptychus leptophyllus, Sharpe -  - 
e Portlocki, Sharpe - - 
Actinocamax granulatus, Blainv. - 

a quadratus, Defr. - 
e verus, Miller - - 
Belemnitella lanceolata, Schloth. - = - 
$5 mucronata, Schloth. - 
Baculites bohemicus, Fritsch - 
Fs Faujasi, Sow. - 2 
Crioceras ellipticum, Mant. - - 
Heteroceras reussianum, d’Orb.- - 

Ptychoceras Smithi, Woods 
Scaphites Geinitzi, d’Orb.  - 
Nautilus subleevigatus, d’Orb. 
Rhynchoteuthis sp. - - - 


Gasteropoda. 
Aporrhais Mantelli, Gard. - - 
Avellana cf. Humboldti, Miller - 
Cerithium sp. - = 
Dentalium turoniense, Woods’ - 
Pleurotomaria perspectiva, Mant. 
Trochus Schliiteri, Woods - - 
Solariella gemmatus, Sow. (Turbo) 


Lamellibranchiata. 
Caprotina sp. - ee 
Cypricardia trapezoidalis, Roemer - 
Exogyra haliotoidea, Sow. - - - 
Inoceramus Cuvieri, Sow. - - - 


se involutus, Sow, - 
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Zone of H. Planus. | 


38 

Ba 
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Marsup. 


zone. 


Quadratus 


zone. 


Mucro- 
nata 
zone. 


Stockbridge. 


C.anfield. 


Portsdown. 


Portadown. 


_ 


|b© | Winchester. 


i) 


or | Winchester. 


» 


© | Hursley, &c. 


~I 


} @ 


Inoceramus sp. (like latus) 
” Sp. rf 
Lima . granosa, Sow. - 
» Hoperi, Sow. - = 
5, leeviuscula, Sow. - - 
-» pectinata, d’Orb.- - - - 
Ostrea canaliculata, Sow. - - 
= 4 var. striata 
»  curvirostris, Nilss. - 
» hippopodium, WNilss. 
»» hormaniana, d'Orb. - 
»  vesicularis, Lam. 
»  wWwegmanniana, d'Orb. 
Peeten jugosus, Sow. (? P. Beaveri) 
»  eretosus, Defr. - rte 
»  pexatus, Woods - 
»  (Neithea) quinquecostatus, Sow. 
Plicatula sigillina, Woodw. - 


' 


». Sp. 
Septifer lineatus, Goldf. - 
Spondylus dutempleanus, d'Orb. - 
»  latus, Sow. 
»  spinosus, Sow. 


Brachiopoda. 
Crania egnabergensis, Retz. : 
» parisiensis, Defr. 


Kingena lima, Defr. - 
Rhynchonella Cuvieri, d’Orb. - 
#9 limbata, Schloth. -. 
af plicatilis, Sow. -. 


ss reedensis, Eth. 


” 8p. - 
Terebratula carnea, Sow.. 

sa semiglobosa, Sow. - - 
Terebratulina Rowei ? Kitch. — -. 

ss striata, Wahl. - 


” sp. - 
Thecidium Wetherelli, Morris 


Bryozoa. 
Ceriocava ramulosa, Mich. 
Claviclausa clava, Orb. - -  - 
Defrancia sp, - 
Idmonea (Retecava) cretacea, Edw. 
Lunulites cretaceus, Defr.-  -  - 


Others not identified - “a as 
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Crustacea. 


Pollicipes glaber, Roemer 
3 striatus, Darw. - 


bs) Sp. 
Scalpellum fossula, Darw. 
es maximum, Sow. 


Annelida. 


Serpula ampullacea, Sow. 
»  annulata, Reuss 
»  Huctuata, Sow. 
»  granulata, Sow. 
» lium, Sow. - 
» Plana, S. Woodw. 
» plexus, Sow. 
»  turbinella, Sow. 


Pe) - 


Echinoidea. 


Cidaris clavigera, Konig 
»  hirudo, Sorig. 
»  sceptrifera, Mant. - 
»  subvesiculosa, d’Orb. 


Sp. 
Cyphosoma Keenigi, Mant. 
sf magnificum ? Ag. 
* radiatum, Sorig. 
a spatuliferum, Forbes 
sp 
Echinocorys scutatus, Leske 
Epiaster gibbus, Lam 
Galerites abbreviatus, Desor - 
»  albogalerus, Leske 
i oe Desor 


Holaster sineialn Mant. - - 
Micraster coranguinum, Leske 


$5 corbovis, Forbes 


” 


Leskei, Desm. 
Offaster pillula, Lam. 
Salenia geometrica, Ag. - 
» granulosa, Forbes - 
» Minima, Ag. - 
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- | Zone of H. planus. 


Corang. 
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Stockbridge. 


Clanfield. 
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& | Hursley, &c. 


~I | Portsdown. 
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Asteroidea and Crinoidea. 

Bourgueticrinus ellipticus, Miller 

*9 sp - - - = 
Calliderma latum, Forbes - - 
Marsupites testudinarius, Schloth. 
Metopaster Parkinsoni, Forbes 

5 uncatus, Forbes - 

” Sp. ~ 
Mitraster rugatus, Forbes - 
Oreaster bulbiferus, Forbes - 
Pentacrinus Agassizi, Hag. - 
Pentagonaster megaloplax, Sladen - 
Pyenaster angustatus, Forbes 
Uintacrinus westfalicus, Schlzit. 


Actinozoa. 
Axogaster cretacea, Lonsd. - — - 
Diblasus gravensis, Lonsd. 
Onchotrochus serpentinus, Dunc. 
Parasmilia centralis, Mant. - 


Spongida. 


Camerospongia subrotunda, Mant. 


Cliona cretacea, Portl. - 
Porosphera globularis, Phil. 
8 pileolus, Lam. 
55 Woodwardi, Carter 
Ventriculites aleyonoides, 7’. Smith 
5 cribrosus, Phil. - 
5 mamumillaris, 7. Smith 
” Sp. 3 - i % 
Verruculina sp. - - -— - 
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CHAPTER VI. 
THE UPPER CHALK IN SOUTH WILTSHIRE. 
GENERAL DéSCRIPTION. 


The area occupied by the Dpper Chalk in South Wiltshire is 
shown in the map in Volume I. of this Memoir, p. 248, whereon 
the outcrop of the Chalk Rock has been delineated. It will be 
seen that this is an extremely irregular line, running for a long 
distance down the valley of the Wily, and then westward till it 
climbs to a very high level on White Sheet Hill, north of Mero. 
On the northern side of the vale of Wardour the continuity of the 
outcrop is broken by a powerful fault, which curves south-eastward 
near Baverstock, and truncates the eastern end of the vale. 


On the south side of the Vale of Wardour the lower beds of the 
Upper Chalk form the highest part of the ridge, which ends in 
another at White Sheet Hill, east of Shaftesbury, a ridge which 
separates the Vale of Wardour from the Vale of Broad Chalk. 
The structure of the latter is clearly shown by the mapping of the 
Chalk Rock, and is proved to be a succession of dome-shaped uplifts 
(three or four) arranged along an anticlinal axis. This axis is 
prolonged eastward across the valley of the Avon, and is continued 
in the tract of chalk which indents the boundary of the Eocene 
north-east of Downton. 


From this anticlinal axis the Upper Chalk dips northward under 
what may be called the Salisbury syncline, and southward into 
a wider main syncline of the Hampshire basin. 


It is only in the eastern part of this area, near Salisbury and 
Downton, that any great thickness of Upper Chalk comes in. In 
most other parts of the district no higher zone than that of Micraster 
coranguinum is found. In describing the local development of the 
several zones it will suffice to give particulars of some of the best 
exposures of the lower zones, and then to concentrate our atten- 
tion on the neighbourhood of Salisbury. 


In South Wiltshire the zone of Holaster planus has the true 
Chalk Rock aspect, always containing two or more beds of hard 
compact yellowish limestone with layers of green-coated nodules. 
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It is not often, however, that the whole of the Chalk Rock beds 
are exposed in one section, and a visit to some localities might lead 
the observer to believe that there were only a few feet of such rocks 
More complete sections, however, show that the harder rock beds 
often pass down into less hard and more nodular chalk, forming 
a set of beds which are from 12 to 16 feet thick. In other places 
the group expands by the intercalation of separate beds of lumpy 
chalk, some of which are hard, and others consist of hard lumps in 
soft mealy kind of chalk; the whole group is then from 20 to 26 
feet thick, always having a hard rock-bed at the base and another 
at the top. ia 


Above the uppermost bed of rocky chalk we find softer bu 
still lumpy chalk containing many flints, and often thin seams 
of flint, while there are no flints in the Chalk Rock beds. These 
higher beds contain Micrasters of the cortestudinarium type, and 
may be referred to the zone of that species, but other fossils are few. 
There are few good exposures of this zone, and its upper limit has 
nowhere been satisfactorily fixed, but it is supposed to be 40 or 
50 feet thick in the valley of the Wilv.* 


The succeeding zone of Micraster coranguinum is as usual of 
considerable thickness (more than 200 feet), and is believed to 
occupy the larger part of the surface area of Salisbury Plain ; it 
also occupies some space west of Salisbury and north of the Vale of 
Wardour. Itslower beds contain many cavernous flints, often of a. 
reddish tinge inside, its middle part black flints with a milky 
white band, and the upper beds grey flints with a thick white crust 
or rind. 


“ The only part of South Wiltshire in which the higher zones of 
the Upper Chalk have been carefully studied is the neighbourhood 
of Salisbury. Some account of this was given in 1876 byProfessor 
Barrois (op. cit. pp. 54,64). Dr. Blackmore has been collecting for 
many years from all the quarries within a radius of five or six miles 
of Salisbury, and has kindly placed the results of his labours at my 
disposal. I had the further advantage of visiting most of the 
exposures near Salisbury under his guidance in 1890. It is from 
these materials that the following account of the upper zones has 
gen compiled. 


What has been said respecting the different characters of the 
flints in the successive zones of Hampshire (see p. 57) is equally 
applicable to those in the Upper Chalk of Wiltshire, and special 
notice of the flints will be taken in the following pages. , 


The total thickness of Upper Chalk exposed in this district 
is between 700 and 750 feet. The following estimates of the 


* This area was examined long before the publication of Dr. Rowe’s work 
on the genus Micraster, and no attempt has yet been made to fix the limits 
of the lower zones in Wiltshire by means of the Micrasters. 
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thickness of the several zones are based on information com- 
municated by Dr. Blackmore :— 


Feet. 

- Zone of Bel. mucronata - - - about 100 
» of Act. quadratus- = - . - re 270 

» Of Marsupites - 4 120 

» of M. coranguinum= - -. oe - % 240 
Zones of M. cortestudinarium and H. planus 3 70 
About 800 


The facts on which these estimates are based are as follows 
all the. information being communicated by Dr. Blackmore 
The zone of Holaster planus is seen to be over 20 feet thick near 
Homington, and 45 feet is probably a low estimate for the zone of 
M. cortestudinarium, so that the two together may be put at 70 feet. 

The quarry on Camp Down, between the valleys of the Wily and 
the Avon, is 230 feet above the rivers ; this quarry is in the zone of 

| M. coranguinwm and the beds are horizontal, while its base is 
probably at about the level of the Avon stream. Hence there is over 
230 feet of this zone. 


The thickness of the Marsvpites zone is obtained by adding 
the thicknesses of exposures of the Marsupites and Uintacrinus 
bands at different places. 


With respect to the Act. quadratus zone, two wells have been sunk 
between Harnham Hill and the river, through chalk with thin- 
skinned flints, and fossils like those at Highfield (Marsupites zone). 
From the top of the wells to the top of Harnham Hill is 170 feet. 


Again N.E. of Salisbury, the-fauna of the Act. quadratus zone 
occurs at a level of 260 feet. and there is no .sign of the higher 
zone on the adjoining hill, which rises to 533 feet, so that the 
thickness here seems to be at least 270ft. , 


As to the zone of Bel. mucronata, a well has proved 63 feet of it, 
but from the space it occupies it is not likely to exceed 100 feet. 


STRATIGRAPHICAL DETAILS. 


1. Chalk Rock and Associated Beds. 


There are many old quarriesin the Chalk Rock on the Downs 
to the east and south-east of Warminster. In the large quarry on 
Warminster Down the lower rock bed (34 feet), and 12 to 15 feet 
of the overlying lumpy chalk are shown, and a similar section is 
exposed in the quarry on Clay Hill, the outlier to the westward. 
On Boreham Down, 24 miles north-east of Warminster, certain 
beds of chalk-rock have been quarried, which are probably the 
highest in the group, and entirely above those seen on Warminster 
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Down. Fig. 35, is a sketch of this quarry as seen in 1889, and the 
following is a description of the beds :— 


Ft. in. 
Thin soil with chalk rubble below - 2 6 
5. White chalk, rather hard, splitting into beds with a 
line of thin lenticular fliints and a layer of Jonge 
flint nodules at the base 3 0 
4. Hard chalk-rock full of preci-coated nodules and 
many rough flint nodules 0 6 
3. Very hard, compact, cream-cold limestone (about 12 
inches), passing down into hard nodular chalk 
with green grains - inallabout 2 9 
2. Hard yellowish chalk-rock, with green-coated nodules 
projecting in weathered face - - 1 0 
1. Very hard solid rock, passing down into nodular 
chalk - . - seen for 2 O 
12 3 


Fossils are rare, and the beds are almost horizontal. 


Fic. 35.—View of Quarry on Boreham Down. 


The following notes are contributed by Mr. F. J. Bennett— 


A quarry west of Tinker’s Barn, north of Heytesbury Park, 
gives a similar section, showing about 7 feet of white rubbly chalk 
with flint nodules and a broken seam of grey flint, overlying hard 
cream-coloured chalk rock with layers of green-coated nodules, 
seen for 5 feet. 


Another section, exposing 13 feet of chalk with flints, and 8 feet 
of yellowish rocky beds, can be seen in the yard of a barn north of 
Upton Lovell. 


There are other exposures near Codford, Sherrington, and Wylye, 
but the most complete one in this valley is the quarry at Steeple 
Langford, about 360 yards E.N.E. of the church. I am indebted 
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to the Rev. W. R. Andrews, F.G.S., for the following description 
and for the photograph from which Fig. 36 has been drawn. 
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Fic. 36.—View of yan at Steeple Lanptoed 


t & 2. Soft white rubbly chalk with a few scattered black 
flints and a layer of such flints at the base - 5 U 

3. Very hard nodular yellowish limestone, with many 
green-coated nodules, passing down into less hard 
nodular chalk ¢ 


A 

a 

= 4.0 

. } 4, Similar hard limestone with nodular chalk below - 4 6 

145. Course of hard rocky chakk - - -~ - 10 

‘6 |6. Rock and nodular chalk, like No. 3 - - 4 0 

= |'7. Rock as before, passing down into less hard nodular 

| chalk - - - - - 4 6 
8. Thin layer of grey mari - - 0 38 
9. Massive white chalk - - 3 seen for 6 


About 30 0 

Nos. 8 and 9 belong to the Terebratulina zone. The beds 
of Chalk Rock here have a total thickness of 18 feet and 
probably represent the whole zone of H. planus in a locally con- 
centrated form. 

Mr. Bennett found that the upper part of the Chalk Rock was 
also visible in the river cliff about a quarter of a mile north-west of 
Wishford church, 10 feet of the rocky beds with green-coated 
nodules being overlain by 12 feet of nodular white chalk containing 
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five layers of nodular flints, and three continuous layers or flint 
floors. These 12 feet may be referred to the zone of M. 
cortestudinarium. 

A quarry just east of the cross-roads at Stapleford is probably 
opened in the latter zone. Mr. Bennett informs me that it is about 
20 feet deep, and combining his account with that given of it by 
Dr. Barrois, the section, now much talused, appears to have been :— 

Feet. 


Hard white chalk with a few black flints and several flint 
seams, Cidaris subvesiculosa and Micraster cortestudt- 


narium 4 10 
Hard nodular chalk with vellowish stains - 3 
White chalk with flints, both nodules and continuous floors, 

talused, but dug for - - 7 


What appears to be the summit of this zone, and its junction 
with that of Af. coranguinum, is exposed in a quarry at the north 
end of Wishford ; the following is Dr. Barrois’ account, with the 


thicknesses corrected by Mr. Bennett :— 
Feet. 
Soft white chalk with many layers of flints and several flint 
seams, also joints filled with flint. Echinocorys gibbus and 


Micraster coranguinum 15 
Hard yellowish nodular chalk - 3 
Rather hard chalk with scattered flints - 6 


Chalk which may be in or at the top of the same zone is exposed 
also in the valley of the Avon between Lower and Upper Woodford. 
At Middle Woodford there is a large pit which has been described 
by Dr. Barrois (‘‘ Recherches,” p. 53), and of whichI took the 

following notes in 1890 :— 
: Feet. 
Soft white chalk with many layers of flint nodules, and some 


large masses of flint - - 24 
Hard yellowish nodular chalk with marked plane of division 


at top = = = = 2 
Hard yellowish nodular chalk, with soda upper surface, 
enclosing many flints of irregular shapes and often hollow, 


with Doryderma ramosum- — - 2 - 2 
Softer white chalk with numerous flints and a seam of con- 
tinuous flint - 2 2 25 = - - 10 


The heds are nearly level, with a slight inclination to the south. 
Fossils are fairly abundant, and from the nodular beds and the under- 
lying chalk I obtained Micraster precursor, Cidaris clavigera 
(spines), Echinocorys gibbus, Terebratula semiglobosa, and Rhyn- 
chonella reedensis. Mr. Bennett afterwards obtained a specimen 
of Coscinopora infundibuliformis. It is possible that the upper 
beds may belong to the zone of Micraster coranguinum, in which 
case the higher bed of nodular chalk may be regarded as the top 
of the zone of M. cortestudinarium. 

From Wishford the outcrop of the Chalk Rock runs westward 
along the southern side of Wily Valley, in and out of the 
combes which open into that valley, as ar as Boyton (see Map 
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in the first Volume of this Memoir, opposite p, 248). Thence 
it passes westward to the Valley of the Deverill, and a good 
section is exposed in a ne at Kingston Deverill, for the 


following particulars of which I am indebted to Mr. J. Scanes, 
of Maiden Bradley :— 


Feet. 
White nodular chalk with a layer of brown clay at the base 64 
Chalk Rock, in regular beds from 12 to 18 inches thick, each 
having a layer of green-coated nodules at the tops - 7 


Another good series of sections in the zones of Holaster planus 
and Mcraster cortestudinariwm can be found along the north border 
of the Vale of Wardour from Mere to Barford. 

The Chalk rock beds are quarried on Mere Down at a height 
of about 650 feet about a mile north of Mere. The quarry shows 
14 feet of rough nodular chalk resting on beds of hard Chalk Rock, 
seen for nearly 3 feet, with two layers of green-coated nodules. 
Fvom the nodular beds Mr. Scanes obtained and sent to me the 
following species: Ptychodus latissimus, Inoceramus Cuvieri, 
Spondylus spinosus, Terebratula semiglobosa, Micraster Lesket, 
M. precursor, and Echinocorys scutatus (pyramidal variety). 

Thence the outcrop of the rock-beds descends steadily and rather 
rapidly till it runs down to the great fault line at a height of a little 
over 400 feet near West Knoyle. 

A good section, bringing a considerable thickness of beds into a 
small space because of the high dip on the south side of the fault, 
occurs in a pit by the road side, near Chapel Farm, north of Upton. 
The descending succession seen by me in 1890 was as follows :— 


Feet. 
Peet Hard white chalk with many layers of flint nodules, 
Mi large and small and of irregular shapes 20 
a Hard white chalk with three continuous seams of 
cortest \ flints i 9 
Hard rough yellowish rock, passing down into rough 
Tonniok gritty chalk 14 
Hal Hard nodular chalk with a few flints, many 
| oP Micrasters - -about 20 
pranus. \ Hard chalk-rock with two layers of green-coated 
nodules, forming a ridge in the pit floor - 3 
About 46 


A good section of the zones of Holaster planus and Terebratulina 
is visible in a quarry by the side of the road from Fast Knoyle to 
Hindon The beds shown here are :— 


Feet. 
White chalk with many flints and several thin seams or floors 
of flint 9 
Rough yellowish nodular sandy chalts, with qtnen 
grains and a few flint nodules 13 


Zone of | Hard gritty nodular chalk, a seam of yellow- eouited 
H nodules at the top, and others less well marked 
planus. below; no flints - - 12 
Hard yellowish chalk-rock with layers of green- 
coated nodules, breaks into massive blocks - - 34 
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Terebra- {Firm white chalk in thick beds- - - about -50 
tulina zone.\Greenish marly seam. 
Hard cream-coloured chalk, probably the top of the zone 
of Rhynch. Cuviert - 


Fossils are not abundant, but Micraster precursor occurs in the 
nodular chalk, 

Another section by the tunnel, south-east of Hindon, shows 
how the beds alter in a short distance. This is as follows :— 


Feet. 
Tough white chalk with a few flints - - 8 
Hard yellowish rock (13 feet) passing down into hard iohiar 
chalk with green grains - 34 
Hard yellowish rock passing down tater crip nodular 
chalk with two subsidiary layers of rock ; green grains 6 
Hard yellowish rock (1 foot) passing down’ into hard lumpy 
whiter chalk seen for 5 


This is probably the upper part of the H. planus zone, here assuming 
the “ Chalk Rock ” character throughout. 

From this point eastward, the zone of Hol. planus is only occa- 
sionally seen in small exposures; At the eastern end of the Vale, 
however, on the upthrow side of the fault, the Chalk Rock beds 
are well exposed in the railway cutting at Barford. The des- 
cending section taken by me about 90 yards from the west end 
of the cutting is as follows :— 


Ft. in. 
Hard lumpy chalk with scattered nodules of black flint, 

very gritty and yellowish in some places (?zone of M. 

cortestudinarium) 12 0 
Hard and heavy nodular limestone with yellow stains, 

in two layers, the upper full of green-coated nodules - 1 38 
Hard yellowish limestone passing down into hard rough 

nodular chalk - - - - - - 8 4 
Parting of white shaly chalk. 

Hard nodular chalk - - es - 18 
Hard yellowish limestone with a layer of green- -roaitedl 
nodules at top, passing down into rough lumpy chalk. 

Ter. carnea and Micraster precursor -  - - 7 0 
Soft yellowish-grey marl - eo vos - O08 
Rough nodular chalk with yellow stains, very hard in 

places : some fossils - - a - 46 


Parting of buff shaly marl. 

Nodular white chalk with two layers oi erey sandy and 
shaly chalk - - - 4 6 

Hard nodular limestone with a layer of preuncoated 
nodules, probably. the bottom bed of Chalk-rock 
Micraster corbovis and Ter. sem“qlobosa seen for 8 0 


SFY 
It will be seen that the zone of Holaster planus or Chalk Rovk 
has here a thickness of over 25 feet. The thickness of the over- 


lying lumpy chalk is uncertain, but in the cutting east of the 
bridge 5 feet of it are seen overlain by soft white chalk with four 
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continuous layers of flint, and as the upper rock bed occurs at 
the base of this cutting there is probably from 15 to 16 feet of 
the lumpy chalk between, containing Micrasters of the cortestw- 
dinarium type. : 

Part of the same set of beds is exposed on the south side of the 
valley in the road cutting at the head of the ‘“‘ Punch Bowl,” near 
Burcombe. Here the upper beds are much weathered, but the 
junction with the zone below is clearly exposed, the section seen 
in 1890 being as below :— 


Ft. in. 
rHard compact yellow limestone -  - 1 6 
Hard rough nodular chalk - 10 O 
Layer of soft marl. 
Zone of | Hard rough nodular chalk with yellow stains 6 O 
Hol.planus< Tough gritty whitish chalk, splitting into 
(26 feet). flattish lumps with lenticular seams of greyish 
marl - - about 5 O 
Hard nodular rock with two layers of green- 
\ coated nodules ; passes into next - 3 6 
Zone of ( Tough and lumpy white chalk - 5 0 
Tere- Seam of light grey marl - - 0 4 
bratulina. | Bedded white chalk seen for 8 O 


This section, therefore, gives the base-line, which is wanting 
to complete that of the Barford cutting, and shows the full thick- 
ness of the Hol. planus zone to be just 26 feet. 

The rocky beds of the H. planus zone are seen in several of the 
roadways which ascend the fine escarpment along the southern 
side of the Vale of Wardour, as, for instance, in the roads south 
of Compton and of Fovant, a pit by the latter exposing 11 or 
12 feet of them. 

Passing to the Vale of Broad Chalk by way of Compton Down 
the outcrop is again passed through about three-quarters of a 
mile north of the village. Here Dr. Barrois noted 30 feet of hard 
nodular chalk overlying a bed of chaik-rock with green-coated 
nodules, and from the former obtained the following fossils :—. 

Micraster cortestudinarium. Inoceramus Cuvieri ? 
i corbovis ? Terebratula semiglobosa. 

Mr. Bennett informs me it is also exposed in a quarry west of 
Prescombe Farm, north-west of Broad Chalk. 

It is also fairly well shown in the road cutting north-east of 
Homington, where the hard, yellowish basement rock is seen to 
dip northward at about 8 deg., and to be overlain by about 20 feet 
of nodular rock, with some scattered flints and another hard bed 
at the top. There is another exposure by the roadside, south of 
Homington, from which Dr. Blackmore has obtained the follow- 


ing species :— 
Inoceramus. Terebratula semiglobosa. 
Ostrea vesicularis. Rhynchonella reedensis. 
Spondylus spinosus. Holaster planus.§ 
Terebratulina lata 7 Micraster Leskei. 


so striata. Parasmilia centralis. 
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2. Tot UPPER CHALK NEAR SALISBURY. 
Zone of Micraster coranguinum. 


The quarry at Middle Woodford, north of Salisbury, has been 
described on p. 74, and the probability of its being opened at the 
junction of the zones of M. cortestudinarium and M. coranguinum 
was then mentioned. There is asmall pit at Little Durnford,on the 
eastern bank of the Avon, which exposes challx with many layers 
of thin-skinned flints, most of them stained red or reddish with 
iron oxide; this is certainly in the zone of Micraster coranguinum, 
that fossil and Hchinocorys scutatus being common here. 

A pit at the north end of the village of Stratford shows some 
25 feet of firm but brittle white chalk, with layers of flints at 
intervals of from 1 to 3 feet; these flints have thin skins, and 
many are cavernous, the hollows showing traces of Doryderma 
ramosum, and some having drusy cavities filled with quartz 
crystals. Several layers, however, consist of solid flints stained 
red or brown by iron. Micraster coranguinum, Galerites albo- 
galerus, Cidaris hirudo, Ostrea semiplana, Inoceramus Cuviert, and 
other fossils have been found here. 

On Camp Down, between the valleys of the Avon and the Wily, 
there is a large pit near the main road showing 25 to 30 feet of 
chalk with similar thick-rinded flints, many of them showing 
pink, white, and grey bandings, and being of very irregular shapes 
with knobby or cornute projections. Fossils are scarce, but 
twenty species have been found by Dr. Blackmore and Mr. G. 
Westlake, and prove it to be in the M. coranguinum chalk, though 
it must be near the top of that zone. 

The zone of Micraster coranguinum probably occupies a large 
part of the surface of Salisbury Plain, and is deeply trenched by 
the rivers which traverse that plain. West of Salisbury it also 
occupies some space round Quidhampton, Wilton, and Nether- 
hampton. 


At Quidhampton there is a large pit on the north side of the 
railway showing between 50 and 60 feet of chalk. Flints occur in 
regular courses, which are from only about 2 feet apart in the upper 
40 feet, but more distant in the lower part; most of them have 
very thin rinds, some hardly anything but a white skin, but a 
few have a definite white crust; some are large, with irregular 
knobby surfaces. The bedding is nearly horizontal. From the 
lower beds I obtained Micraster coranguinum, Epiaster gibbus, 
Terebratula carnea, Inoceramus Cuviert, Lima Hoperi, and Ostrea 
vesicularis, and Dr. Blackmore has found a few other species. 
(See list, p. 84 ef seq.) 


The higher part of the zone is exposed in a pit by the Roman 
road south of Netherhampton. When seen in 1890 much of it 
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was hidden by talus, but the chalk exposed contains numerous 
flints like those at Camp Down; the flints have the same pink 
and white chalcedonic layers in the outer crust. Some of the 
usual fossils of the zone have been found here. 


South-west of Salisbury, in the valley of the Chalk river, a 
portion of the central part of the zone is exposed a little south 
of Odstock, dipping to the north at about 9°. The chalk is firm, 
white and brittle ; flints occur in frequent layers about 2 feet apart 
and nearly all of them have a band or zone of cloudy white flint 
a little. distance beneath the surface. Fragments of a large 
Inoceramus are common, but other fossils are rare. 


In ascending Clearbury Hill from Charlton a definite succession 
of beds may be recognised from the characters of the flints seen 
in small pits and roadside banks. Thus a quarry opposite Charlton 
Farm is about 30 feet deep in rather hard chalk, with many solid 
plain black and dark’ grey flints, and fragments of Inoceramus 
shells are abundant. A pit about a quarter-mile to the south- 
west, shows about 16 feet of chalk, containing layers crowded with 
irregular shaped flints about 2 feet apart, and most of them have 
the cloudy white zone above mentioned, but some are stained red or 
pink by iron. Higher up on Clearbury flints with the same cloudy 
band are seen, but near the top of the hill they have thick crusts 
hike those at Camp Down. 


A quarry in the lower part of this zone, north of Ufford, 
shows some interesting features; it is about 20 feet deep in well- 
bedded chalk, which shows a dip of about 2° to the south-east. 
The descending succession is as follows :— 


Ft. in. 
Chalk, inaccessible - - 8 O 
Continuous seam or floor of fiint 0 1 
Firm solid chalk without flints - 2 0 
Soft loose marly chalk crowded with flints 1 0 
Solid bedded chalk, with few flints 4 0 
Soft marly chalk - - O 6 
Chalk with many scattered flints - 8 0 

23 6 


The beds are broken by a small fault with an oblique hade and 
a throw of about 44 feet. The flints, both large and small, have 
either a thin crust or none at all. Fossils found were: Aficraster 
coranguinum, Galerites albogalerus, and Inoceramus involutus. 


The, upper part of the M. coranguinum chalk is exposed in the 
railway cutting at Witherington, north of Downton, and the beds 
which correspond with those at Camp Hill dip at 14° to the south, 
and there are other exposures on the eastern side of the Avon. 
On the western side of that river its basset surface must occupy a 
considerable tract of country south of the Broad Chalk valley. 
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Zone of Marsupites. 


The chalk of this zone is exposed at several places, and both 
the Uintacrinus and the Marsupites bands have been located by 
Dr. Blackmore. 

What is probably the lowest part of the Uintacrinus band is 
exposed in a pit on the northern side of Old Sarum hill, the 
‘chalk is soft, with a few scattered flints not in layers. These flints 
have thick rinds which are banded in layers of white and grey, 
and are solid throughout; the smaller nodules have in fact 
only a small nucleus of clear black flint, but both the black and 
the white parts are equally hard. From 12 to 15ft. is seen, and 
Dr. Blackmore has obtained Uintacrinus and other fossils. 

The higher part of this band is well shown in the quarry at the 
whiting-works at Highfield (Fisherton) ; this is about 50 feet deep 
in soft. white chalk ; flints are not numerous, but occur sparsely 
along planes which are about 10 feet apart. Most of them are 
nearly spherical, from the size of bullets to that of cannon balls, 
are yellow outside, but have no crust, merely the yellow stain, 
and consist wholly of solid black flmt. The workmen state that 
they have quarried about 12 feet below the pit floor, and found 
the same kind of chalk, but the flints have a white rind. Acti- 
nocamax verus, small Kingena lima, and the ovate variety of 
Echinocorys scutatus are common here. Remains of Uintacrinus 
have been found, and twenty-five specimens of Ammonites 
[Haploceras] leptophyllus, with other fossils (see p. 84). A single 
plate of Marsupites was obtained from the top of the pit, and 
doubtless marks the base of the Marsupites band. 

The Marsupites band was exposed in the cutting west of the 
tunnel on the L. & S.W. railway north of Salisbury at a level of 
about 220 feet. It is also seen in a pit on Bishops Down just 
half a mile to the northward, at a height of from 280 to 300 feet 
above O.D, This shows soft white chalk, with more numerous 
flints, all having thick white crusts. Plates of Marsupites and 
joints of Bourgueticrinus are very abundant at this locality, and 
a specimen of Am. [Hapl.] leptophyllus about 2 feet in diameter was 
found in 1893. Thus we may estimate the Uintacrinus band 
at about 70 feet, and the Marsupites band at about 50 feet, 
making a total of 120 feet from the zone. Dr. Blackmore informs 
me that in 1893, a well was sunk at the Salisbury Waterworks 
which are north of the town, at a level of 200 feet, and just south 
of the railway Hea in which plates of Marsupites were 
abundant. Yet the well, which is 70 feet deep, traversed chalk 
with occasional layers of flints exactly like those of Highfield. 
The first layer met with was 45 feet from the surface, and one 
Marsupite plate was found in the lower 30 feet. In spite of this 
occurrence he believes the chalk to belong to the Uintacrinus 
band, and is inclined to suppose that a line of fault runs between 
the Waterworks and the cutting. 
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Zone of Actinocamax quadratus. 


‘The zone of A. quadratus forms the high ground to the east and 
north-east of Salisbury, and also the ridge which lies to the south 
of the villages of East and West Harnham. It consists of chalk, 
in which flints are rather more numerous than in the Marsu- 
pites zone, and in the lower part of it Offaster pillula is the most 
common fossil. 

At East Harnham there is a fine quarry worked in two levels. 
The lower one shows about 50 feet of bedded white chalk, with 
only a few scattered flints ; the upper level shows about 60 feet, 
with seven or eight layers of flints at varying distances, sometimes 
6 feet, sometimes 10 or 12 feet apart, with only a few scattered 
flints in the intervening chalk. The beds are regular, and dip at 
about 2° to the south, unbroken by faults. The flints have white 
crusts, but not thick ones, and are all solid. Fossils are not abun- 
dant, but through the workmen Dr. Blackmore has obtained many 
species from this pit (see p. 83 e seq.) 

At West Harnham there is another large quarry from 60 to 
70 feet deep. In the higher part the chalk is regularly bedded ; 
in the lower part the bedding is less distinct, and it is probably a 
lower portion of the zone, for the flints, few and scattered, are 
stained yellow outside. Act. granulatus is fairly common in the 
upper part, but rare in the lower beds, though it has been found 
in them. : 

At Britford a quarry shows about 30 feet of the higher beds, 
consisting of bedded chalk, with layers of flints at intervals of 
about 3 feet, and sometimes less. 

East of Salisbury there is a small exposure of the lower part of 
the zone at the cross-roads east of Milford, but, though only 10 or 
12 feet of chalk are exposed, many specimens of Offaster pillula 
can at any time be obtained, with joints of Bourgueticrinus and a 
small Rhynchonella (? reedensis); the shelly plates which are 
usually regarded as the aptychi of Am. [Haploceras] leptophyllus 
and Am. [Pachydiscus] Portlocki, and which Dr. Blackmore regards 
as shelly processes belonging to the guards of Belemmnitella 
lanceolata and Actinocamaz quadratus,* have been found here as 
well as at the Harnham quarries, and are certainly as common 
in this zone as are the two characteristic Belemnites. 

Part of the same zone, with flints like those of Harnham, is 
exposed in the railway at Ashley Hill, and in the pit below the 
level of the railway, north of Ashley Hill House. Dr. Blackmore 
has also traced the zone at intervals for some distance to the north- 
east, and has found a piece of Act. granulatus thrown out of arabbit 
hole on the hill known as Thorny Bushes. 

South-east of Salisbury there is a good section of the zone in the 
railway cutting at Whaddon, which shows soft white chalk, with 


* See Geol. Mag., Dec. 4, Vol. IIT., p. 529 (1896). 
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irregular layers and scattered nodules of flint, and occasional 
seams of soft marly chalk dipping to the north at about 14”. 
The flints have thicker white crusts than those of Harnham but 
there is the same assemblage of fossils. A quarry in the field 
near the railway is about 15 feet deep in similar chalk. 
At West Grinstead, south of the brickyard, there is another pit 
in similar chalk dipping at 16° to the north. It contains, how- 
ever, regular layers of flints at 3 or 4 feet apart, many of the nodules 
being large and smooth, with rounded protuberances ; they have 
thick crusts, often pink and agaty, like those of Camp Down. 
Fossils did not appear common, but I found Act. granulatus. 


Zone of Belemnitella mucronata. 


This, the highest zone of the chalk in the Hampshire basin, is 
only found round the border of the area occupied by the Lower 
Eocene to the east and south-east of Salisbury. Its junction 
with the underlying zone is exposed in the railway cutting, about 
14 miles S.E. of Salisbury, close to the north end of the bridge, 
over the road to Clarendon Park. The junction is approximatel 
marked by a thin layer of yellow stained chalk, above whic 
Bel. mucronata comes in. This zone is also exposed in a 
chalk-pit at Shootend, north-west of Alderbury, between the 
branching of the roads to Downton and to Southampton. The 
chalk here seen is very soft and white, with few flints, those that 
occur consisting of solid black flint without any crust—merely a 
yellow coating. Belemnitella mucronata is fairly common, with 
Echinocorys scutatus, Terebratula carnea, Rhynchonella limbata, 
a large variety of Kingena lima, and other fossils similar to those 
found in the Norwich chalk. More recently Dr. Blackmore has 
found Magas pumilus and pieces of an Ammonite which seems 
to be Am. (Lytoceras] Jukesi. 

Dr. Blackmore also informs me that in 1893 a well was sunk 
on the Southampton road above Shootend and a little beyond the 
second milestone from Salisbury ; it passed through— 


Feet. 
Clay and Sand - - - - - - = = 12 
Chalk of the Bel. mucronata zone - - - 63 


and many fossils were obtained from the chalk which was brought 
up, including five examples of Bel. mucronata. 

Still further east, near Clarendon, there are some pits in this 
zone. One near the keeper’s house in Clarendon woods is about 
10 feet deep in soft white brittle chalk, with a few scattered flints, 
which often occur on one plane, but at distances of 2 or 3 feet 
from one another. The flints here differ from those at Shootend 
in having an ordinary white crust, but just the same assemblage 
of fossils is found. There is another pit in similar chalk near the 


Clarendon brickyard, and here the beds show a dip of 3° to the 
east. 
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The zone of Bel. mucronata is also exposed in two chalk pits 
at Breamore further east, and Mr. Jebbett, the station-master 
there has obtained fossils from them. 


List or Fossits FRoM THE Upper CHALK NEAR SALISBURY. 


The following list is probably the most complete local catalogue 
of Upper Chalk fossils which has hitherto been published, and for 
it I am indebted to the kindness of Dr. Blackmore. Not only 
has he collected carefully from all the exposures of the chalk round 
Salisbury, but he has kept separate lists of the fossils obtained from 
every exposure, so that each place was eventually assignable to its 
proper zone as the collection of its fossils progressed. The localities 
which I have tabulated are only those which have proved the 
most fossiliferous, and which suffice to give a full list of the fossils 
which have been obtained from each zone. 

The Reptile and Fish remains have been submitted to and named © 
by Dr. A. S. Woodward, of the British Museum. Mr. G. C. Crick 
has identified the Actinocamax Toucasi, a species not before re- 
corded in this country ; it much resembles the Act. plenus of the 
Lower Chalk. The Lamellibranchs have been named by Dr. 
Blackmore by comparison with the figures published by the best 
authorities, but some corrections and additions have recently 
been made by Mr. H. Woods. 

The Bryozoa were all examined and named by the late Mr. Vine, 
but no doubt the nomenclature will require some modification 
when Dr. Gregory’s catalogue is completed. 

Of the Crustacea it may be mentioned that of the five species 
of Scalpellum, three, viz., darwinianum, quadricarinatum, and 
semiporcatum, have not hitherto been recorded as British, 

The Echinodermata have been identified chiefly by the aid of 
Dr. Wright’s Monograph on the Echinoidea and Mr. Sladen’s 
on the Asteroidea, published by the Paleontographical Society. 

The corals have been examined and named by Mr. Robert F. 
Tomes. 

For the zone of Holaster planus the locality is near Homington. 

For that of Micraster cortestudinarium Middle Woodford is the 
only locality. 

For that of Mier. coranguinum the chief localities are Camp Hill 
(1), Porton railway cutting (2), Quidhampton (8), Stratford (4), 
and Witherington cutting (5). 

For that of Marsupites there are two localities—Highfield (6) 
and Bishopdown (’). 

For that of Actinocamaz quadratus the chief localities are the 
two large quarries at Harnham (8), Britford (9), and Whaddon 
cutting (10). a 

For that of Belemnitella mucronata there are three localities 
—Shootend, near Alderbury (11), Clarendon (12), and a cutting 
on the L. and 8. W. Railway (13). 
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Zone of Hol. 
planus. 
Zone of 

M. cortest. 
Zone of 
Micraster 
coranguinum. 
Zone of 
Marsupites. 
Zone of Act. 

quadratus. 
Zone of Bel. 
mucronata, 


Reptilia. 


Leiodon anceps, Owen - = 2 
Pachyrhizodus gracilis, Owen = 
Plesiosaurus - : 


at 
00 00 GO 


Pisces. 


Ancistrodon - ee 2 
Cestracion canaliculatus, Eg. - 
Cimolichthys lowesiensis, Letdy - - 
Courax affinis, Ag. - - 
» heterodon, Reuss : - - 
maximus, “Ag. sce - = 
Enchodus lewesiensis, M ant. - - 
a serratus? Eg. - - - 
Galeocerdo Jaekeli, A. S. Woodw. : = 
Lamna appendiculata, Ag. : 
»  macrorhiza, Cope 
» _ serra, A. S. Woodw. 
Notidanus microdon, Ag. - - 
Oxyrhina crassidens, Ag, - - 
i Mantelli, Ag. - - 


bo 


Ton 
on 


bo 
AI MWIARP®ABIaAl aia 
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a 
bo 


wlawil tt wl 
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Protosphyrena ferox, Leidy 
Ptychodus decurrens, Ag. 
a oe Ag. x 
polygyrus, Ag. - 
Scannacehynobuey raphiodon, Ag. 
subulatus, Ag. - 
Scylliodus antiquus, Ag. - - - 


Cephalopoda, 


Ammonites [Lytoceras] Jukesi, Sharpe - - 11,12 
{Haploceras] leptophyllus, See pe 6, 7 - - 
Aptychus leptophyllus, Sharpe - 8,10 
. Portlocki, Sharpe : 8, 9,10 - 
3 rugosus, Sharpe : - 11, 12 
Actinocamax quadratus, Defr. = 8, 9,10 - 
granulatus, Mayer - 7 = 8,9 
Toucasi, Janet - - 1,5 6 
verus, Miller - - - = - 
Belemnitella lanceolata, Schloth. : 8,10 - 
mucronata, Schloth. : - 11, 12,13 - 
Rhyncholites - 8 - 
Gasteropoda. 
Aporrhais sp. i : 12 
Dentalium planicosta tum, Heb. = * 1, 1, 18 


Hipponyx sp. a . 1 
Pleurotomaria perspectiva, Mant. 2 = 


ete | 1 0000 


Alani 
ooo 


” 
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Lamellibranchiata. 


Avicula Li Roemer - 
sp.nov.- - . 
Inoceramus Brongniarti, Sow. -| - - 
a Cuvieri, Sow. - -| x 5 - 
te digitatus, Sow. : - 2 
” involutus, Sow. - - 3,4 
Lamarcki, Park. - 
Jatus, Mant. (non d’Orb. ) 


11, 12 


8, 9,10 | 11, 12,13 
»  Hoperi, Sow. - 8 : 
»  leviuscula, Sow. 
»  pectinata, d’Orb. = 
» Ssemisulcata, Nilss. - 
‘9 5 var. dutempleana, ad Orb. 


sp. . 
Lima’ granosa, ‘Sow. - - eel) & = 


Laon 
9 
ai 
o 


8p. 
Ostrea canaliculata, Sow. 
»  curvirostris, Nilss. 
a hippopodium, Nilss. - 
» lateralis (see canaliculata) 
» larva, Lam. - = 6 8, 9, 10 
»  nhormaniana, d’Orb. 3 6,7 - - 
»  semiplana, Sow. - 4 7 8, 9,10 | 11,12, 18 
»  Bsulcata, Blum. - 9 12 
»  Vesicularis, Lam. 
»  Virgata, Sow. - 
+  Wwegmanniana, a’ orb. 
» Sp. nov. - - = 8 


11,12 


“ea Ds 
* 
a 
a 
wo 
_ 
) 


SOUTH WILTSHIRE. 85 


2 3 aj | Be rts 
Ha | 33 sii| si | 22 | #2 
seles|eie| 8 | sz | 3E 
of |8S!] 6sa| 62 oS: o8 
gAlNG | SSs | 8 a as gs 
N 3 a Ss a Se 
| 
Pecten britannicus, Woods 4 - - = 
»  campaniensis, @’Ord.  - 7 8 1 
» concentricus, S. Woodw. : - - 11,12 
»  Nilssoni, Goldf. - = 8 a 
»  ceretosus, Der. (=nitidus, Mant. ) - 1, 2,5 6,7 8, 9, 10 
»  pexatus, Woods - - 8 & 
»  sarumensis, Woods - : ~ 8 
»  (Hinnites)sp. - - - 8 
»  (Neithea) Dutemplei, a Orb. - - 8, 10 
5 av quadricostata, Sow. - =. - = 
5 quinquecostata, Suro. : 8 12 
Pinna decussata, Sow. - “| - - - - 8 - 
Plicatula sixillina, S.P. Woodw. -| x x = |1,2,3,4,5) 6.7 |8,9,10] 11,12 
sp. “ z - - 8 11, 12 
Septifer lineatus, Sow. - - 8 i 
Spondylus dutempleanus, @’ Orb. - x - - 8, 9, 10 12 
oy: latus, Sow. - - 1, 3, 4,5] 6,7 8,9,10} 11,12 
es serratus, Woods. . - 6 - - 
spinosus, Sow. - x x {1,2,3,4,5) 6 8 - 
Tellina royana, d'Orb. - - = - - 8, 10 12 
Teredo amphisbeena, Goldf. - - 6 - - 
Brachiopoda. 
Crania egn»bergensis, Retz. - : 8, 10 - 
33 var. costata, Sow. - . - - - 11, 12, 13 
59 parisiensis, Defr. - 4 6 8, 9, 10 11,12 
Kingena lima, Defr. - - : - 5 6,7 | 8, 9,10] 11, 12,18 
Magas pumilus, Sow. - - - 9 , 12 
4vhynchonella lirabata, Schloth. - - - 9, 10 11, 12 
5 plicatilis, Sow. - - . - 5 6 8, 9, 10 11,1 
ie a var. octoplicata, Sow. 5 - 8, 9, 10 - 
a var. Woodwardi, Dav: : - 1 6 - - 
reedensis, Eth. - - -| x x 1, 4,5 6,7 | 8,9, 10 | 11, 12,13 
Terebratula Senne Sow. es] os 3 - < ll, 
3 obesa, Scw. - - - -| - - 1 ~ - - 
semiglobosa, Sow. - - -| x x - g 
Terebratulina praca ree Rowei, Kitchin) - - : 4 8, 10 
” t e x = cr zs a 
striata, Waal. - - - x 1, 3,4 6,7 8,9, 10 | 11, 12, 13 
Thecidium Wetherelli, Morris - - - - 1,2,5 1, 12 
Bryozoa. 
Many (see General List). 
Crustacea. 
Astaciform crustacean : - 8 12 
Pollicipes Angelini, Darw. - 10 = 
» fallax, Darw. - - : - 12 
oe glaber, Roemer. - - - 8,10 - 
a striatus, Darw. - 4,5 8 - 
sp. : - = 8 11 
Scaipellum darwinianum, Bosq. - 8 12 
33 forsula, Darw. - - i 8, 10 12 
a maximum, Sow. : . - 6 8,10 | 11, 12,13 
33 quadricarinatum, Reuss. - - 8,10 - 
a semiporcatum, Darw. - : 8 11, 12 
Annelida, 
Ditrupa difformis, Lam. (=Serp. septemsulcata), - - 8 11, 12, 13 
Serpula ampullacea, Sow. - - 2 6 8, 9 12, 1 
»  annulata, Reuss. - «ll - 6 8, 9 12 
» Plexus, Sow. - + - 2, 5 6, 7 5 12 
Echinodermata. 
Bourgueticrinus ellipticus, Miller - - 1,3,4,5 8, 9, 10 12 
is = var. equalis : ee 8, 9,10 
= 3 < Z ; a 
Cardiaster ananehytis, Leske - - - 12 
in pillula (see Offaster). 
Cidaris clavigera, Kénig - a x 1, 2, 3, 4 - - 
»  hirudo, Sorig. £ | - | 2,4,5 6 89,10] 11, 12 
a perornata, Forbes - 24} 2 = 2 
»  sceptrifera, Mant. - : . | 1,2, 5 6 = 
»  BUbvesiculosa, d'Orb. | 1 - 8 - 
Cyphosoma corollare, Klein - ! 2, 5 6 8 
55 Kenigi, Mant. 1,2 - - 
radiatum, Sorig. 2,5 89,10! 11, 12 
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3 u be a oa os 
Sa | 4s] 33 E ge | 23 ag 
gz (38 |e82| o8 | se | 38 
aa/28|S82| 82 | 22 | 25 
Bis? | A s| 2 | se | 88 
Cyphosoma spatuliferum, Forbes 8 
Discoidea sp. - - a - 8 
Echinocorys scutatus, var. ‘gibbus, Lam. - al ox 3,4 - 8, 9, 10 - 
var. ovatus, Leske - -] = 1,3,4,6| 6,7 - 11, 12 
Galerites albogaierus, Leske - - - 1,2,3,4,5| 6, 7 
Goniaster (see Metopaster, Mitraster, &c ). 
Helicodiadema fragilis, Wiltshire - - 8, 9, 10 12 
Holaster planus, Mant. - - -| x - 
Infulaster excentricus, Forbes - - -| + - 8,10 
33 rostratus, Forbes (Hagenovia) - - 6 
Marsupites testudinarius, Schloth. - 6, 7 ~ 1 
Metopaster Bowerbanki, Forbes 3 = = = 8 - 
9 Mantelli, Forbes - - x 4 = = 12 
5 Parkinsoni, Forbes - - 14 6 8,10 12 
i uncatus, Forbes 2 6 8 12 
Sp. NOV. - - - = - 8 
Micraster coranguinum, Leske - - 1,2,3,4,5 - 
$i cortestudinarium, Goldf. - x = 
preecursor, Rowe - -| x x - 
Mitraster Hunteri, Forbes - -| - 2 
rugatus, Forbes - - 2, 4 - 
Nymphaster marginatus, Sladen - - - 8 - 
i oligoplax, Sladen - 6 8 
Offaster pillula, Lam. - e 6 8, 9, 10 
Oreaster Boysi, Forbes - - - 8 
o bulbiferus, Forbes - - 6 8,10 - 
re obtusus, Forbes - - x - 12 
ay ocellatus, Forbes : - 6 8,10 - 
Pentagonaster lunatus, S. Woodw. - = - - 12,18 
i megaloplax, Sladen - - 1,3,4 6 8, 9, 10 - 
Pycnaster angustatus, Forbes - - - : 6 8,10 | 11, 12,13 
Salenia geometrica, Ag. - - - 8,10 12 
» granulosa, Forbes - - - 8 
si magnifica, Wright - - - 8 
ie minima, Ag. - 8 - 
5 (spines) - : - - - 12 
Uintacrinus westfalicus ? Schiiit. - 6 - 
Actinozoa. 
Axogaster cretacea, Lonsd. - - - 7 
Caryophyllia cylindracea, Reiss - - 5 6 - - 
Ceelosmilia Jaxa, FE. & H. - - - 8 11,12 
e regularis, Tomes - 8 - 
Diblasus gravensis, Lonsd. - - - 8, 10 - 
Onchotrochus serpentinus, Dunc. = = - 12 
Parasmilia centralis, Mant. - x 5 6 8, 10 11,12 
5 or var. gravesiana, FE. é A | - 8 - 
9 > var. Mantelli, H. & H. - - 8 11,12 
is serpentina, BH. & H. - - 5 - - 
Spinopora Dixoni, Lonsd. - - 6,7 8 
Stephanophyllia numismalis, Tomes - - 8 
Spongida. 
Coscinopora infundibuliformis, Gold, if. - x 
Doryderma ramosum, Mant. - - x! - - - - 
Porosphira globularis, Phil. - x 1,2,5 | 6,7° | 8,9, 10 | 11, 12, 13 
55 pileolus, Lam. - = = 8,9 3 
, Woodwardi, Carter. - 5 - 8,9 13 
Spongia (?) - - - - : - 9 12,13 
Ventriculites - 1,4 6,7 8,9 11, 12, 13 
Wood (drifted) - 1 
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CHAPTER VII. 
THE UPPER CHALK IN THE ISLE OF WIGHT. 
GENERAL DESCRIPTION. 


The first attempt to recognise the zones of the Upper Chalk 
in the Isle of Wight was made by Professor Barrois, in 1875,* 
but in this he only distinguished two zones above that of 
Mvcraster cortestudinariwm, these being the zone of M. coran- 
guinum and the zone of Belemmnitella. 

In his later publicationt Professor Barrois makes some correc- 
tions; he transfers a part of his M. cortestudinarium zone to that 
of M. coranguinum, and remarks that what he had called the M. 
coranguinum zone includes that of Marsupites. He also states 
in his original description that his “zone d& Belemnitelles”’ 
corresponds to the zones which are known in France under the 
names of zone of Actinocamax quadratus and zone of Bel. 
‘mucronata. He had, therefore, practically divided the Upper 
Chalk or Senonian into zones, though he had not followed 
them in detail across the island, nor had he attempted to 
estimate the thickness of them severally. 

No one has since attempted to make a zonal examination of 
the Upper Chall of the island, and unquestionably the task is not 
easy, for though there are numerous pits along the outcrop of 
the beds the angle of dip is so high that there are not many pits 
in any one zone; and again, though this part of the Chalk is 
exposed in fine cliff sections at each end of the island, they cannot 
be approached on foot, and the waves break against them for the 
greater part of their length. 

My friend Mr. W. Hill visited some of the chalk-pits along 
the chalk ridge in 1897, and discovered Marsupites in the 
quarry on Arreton Down. We supposed at the time that this 
was the first actual discovery of the remains of Marsupites in 
the island, but subsequently found that their existence was known 
to Mr. Ch. Griffith, of Winchester ; further, that he and Mr. R. M. 
Brydone had visited nearly all the quarries in the Upper Chalk, 
collecting extensively from the several zones. They will, I trust, 
soon publish the results of their researches, but meantime they 


* Description géologique de la craie de I’Ile de Wight. Bibl. des Hautes 
Etudes (St. Nat.) Tom. xiii. 1875, with coloured map. 
+ Recherches sur le Terrain Crét. Sup, p. 107 (1876). 
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have most kindly placed their lists at my disposal as well as some 
notes respecting the zones exposed in certain quarries. 


With respect to the base of the Upper Chalk in the Isle of Wight 
we have already stated (Vol. IL, p. 410) that we cannot regard the 
layer of green-coated nodules as the equivalent of the Chalk Rock, 
nor can we even take the seam of dark grey or nearly black maz], 
which occurs some 7 or 8 feet higher, as the base of the H. planus 
zone; for that fossil is not common in the intervening chalk, 
nor is it associated with many Micrasters for another 8 or 9 feet, 
when there occurs a similar seam of light-grey marl. Above 
this marl the Micrasters begin to come in (both M. Lesket and 
M. precursor), and a little higher Echinocorys scutatus is met with. 
As this marl band seems to be continuous across the island we 
take it as a convenient plane for the base of the Upper Chalk, 
although it may be really a few feet below the real paleontological 
limit. 

With regard to the thickness of the Upper Chalk as a whole, 
several estimates have been made. Professor Barrois’ estimates 
give a total thickness of 290 metres (950 feet), including his zone 
of M. cortestudinarium, but he undoubtedly allowed too small 
a thickness for the “zone @ Belemnitelles.”’ 

Mr. Strahan estimated the total thickness of chalk above the 
“ Chalk-rock ” nodules at 1,350 feet, but we consider this to be 
rather too high an estimate. 


It is well known that along the central ridge of the island the 
strata of the Chalk are bent over, till they pitch beneath the Eocene 
at very high angles, generally from 75° to 85°; consequently 
they can only be measured by plotting sections to scale, and calceu- 
lating the thickness between a prolongation of the curves. Four 
such sections have been drawn, and published in Sheet 47 of the 
Horizontal Sections of the Geological Survey (new edition, 1889) ; 
an examination of these shows that in each of the first two sections 
the thickness between the supposed horizon of the Chalk Rock 
and the Eocene is about 1,250 feet. The section through Ashey 
Down shows too much disturbance for accurate measurement, 
and that through Bembridge Down gives only 1,075 feet, due 
either to local compression or possibly to some small error in the 
engraving. 

Hence I regard the sections through Brook and through St. 
George’s Down as giving the most trustworthy results, and adopt 
1,250 feet as the thickness of the Chalk between the horizon, 
above mentioned. To get the thickness of the Upper Chalk as 
understood in this volume we must deduct from this amount 
the thickness of challx between the nodule bed and-the base of the 
Holaster planus zone, about 16 feet, which leaves about 1 236 
feet. This agrees closely with a section drawn by me through 
Arreton Down (see Fig. 37), which shows about 1,240 feet in the 
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same space. This thickness may be assigned to the four zones 
on the following proportions. 


Feet 

Zone of Bel. mucronata 300 
» « Act. gquadratus - 400 

» » Marsupites 150 
oy Lier. coranguinum 300 

at ts » cortestudinarium and Hol. planus - 90 
1,240 


STRATIGRAPHICAL DETAaIzs. 


Zones of Holaster planus and M. cortestudinarium. 


Above the seam of grey marl, which we have taken as the top 
of the zone of Terebratulina there are six or seven feet of 
hard nodular or knotty chalk without flints. Above this comes 
a variable thickness of nodular chalk with flints, in which fossils 
are abundant. The upper part consists principally of hard homc- 
geneous chalk with many flints, and some continuous flint seams ; 
occasionally also there are layers of nodular chalk ; in these beds 
fossils are less common than below. The lower nodular 
beds vary from 20 to 30 feet in thickness, and the higher 
part probably from 30 to 40, but we have not attempted to 
separate the two zones or to fix the summit of the M. cortestudi- 
narium zone anywhere in the island. 


Only the lower portion can be examined at Culver, where it 
appears to be as follows, when clear of falls from the cliff :— 


Feet. 

Chalk with grey flints. 
Upper | Smooth chalk with Holaster planus - 4 
Chalk Nodular chalk splitting along dark wavy lines 3 
i Seam of grey marl an inch. 
Middler Nodular chalk as above 10 


Chalk. Seam of dark clay. 

A portion of the zone is exposed in a quarry half a mile west- 
north-west of Yarbridge, and the section has been given by Mr. 
Strahan, his account, with slight verbal alteration, being repro- 
duced below, but the beds are grouped in accordance with our 
view of the zonal limits :— 


U Chalk with a few flints, grey inside - 
obi. Rough nodular chalk with yellowish lumps ; 
ans fossiliferous in the lower part - 


Seam of white marl 
Rough nodular chaik ae 
Middle | Seam of black clay ; - 
Chalk Rough chalk passing down into smoother chalk 
: * | Layer of green coated nodules 
Rough nodular chalk 
Smooth chalk, seen for 
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In the quarry east of Carisbrook Castle there are 12} feet of 
nodular chalk without flints, overlain by a few feet of nodular 
chalk with scattered grey flints. 


The section in the quarry on Brixton Down has been 
mentioned in Vol. IT.; p. 412. It is a good exposure, showing about 
21 feet of rough nodular chalk without flints above the clay band 
succeeded by 20 feet of less nodular chalk with flints ; the chalk 
here is so hard, and has been subject to so much squeezing, that 
the fossils cannot be detached in good condition for identification. 
A similar section however is seen in a quarry at the south-east 
corner of Shaleombe Down, and from thence Mr. Rhodes 
obtained some of the fossils included in the list on p. 95. 

The most accessible and complete section in these beds is that 


exposed in the road cutting on Afton Down. This was described 
and figured by Dr. Barrois, and some of the beds were subsequently 
measured by Mr. Strahan, but he did not carry his account into 


. c. a. b. a. 

Fic. 3'7.—Sketch of Section in Military Road, Afton Down. 
a, a—Terebratulina Zone. 6—laver of green coated nodules. c, d—Zones of J]. 
planus and M. cortestudinarium. 


the flint-bearing chalk. We give a diagrammatic view based on 
Dr. Barrois’ sketch (Fig. 3'7) and the vertical succession may be 
stated as follows :— 


Ft. in. 
Chalk with regular layers of flints - 730 O 
U Hard chalk with scattered flints and occasional 
cn nodular beds - about 40 O 
: Nodular chalk without flints 7 0 
Layer of whitish marl oO 1 
ied motile ck 8 0 
H Black marly clay ol 
meds Nodular chalk - 6 O 
Hard chalk with a layer of green-coated nodules 
at the top ; 1 6 
Massive chalk with layers of marl, seen for 60 0 


It will be noticed that the portion without flints is here re- 
duced to 10 feet, but we are not sure whether this reduction ir 
not more apparent than real; it may be that flints occur here 
in beds which at Culver are without flints. 

Hard nodular chalk, containing typical Micraster cortes- 


tudinariwm, occurs also at the headland on the west side of 
Freshwater Bay, accessible at low tide. 
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Zone of Micraster coranguinum. 


At the western end of the island this zone occupies the cliffs 
from Scratchalls Bay, south of the Needles, to Freshwater Bay; 
but as far as Watcombe Bay, near Freshwater, these cliffs are only 
accessible by boat on a calmday. Mr. Whitaker, writing in 1865,* 
says, “the parallel layers of flint are very frequent, many quite 
continuous, some of a peculiar brown or pinkish tint, and all more 
or less broken up. At Sun Corner, the southern horn of Scratchalls 
Bay, there is a bed of some thickness, in which the layers of flint 
are so close together that they form nearly as much of the rock 
as the chalk itself. . . . It is shown in Fig. 38, in which 
the black lines represent the layers of flint.” 


Fic. 38—Scratchalls Bay, looking southward, showing frequent layers 
of fints ; from a photograph. 


The lower part of the M. coranguinum zone is accessible on foot 
in Watcombe Bay and on the west side of Freshwater Bay, and 
from these localities Messrs. Griffith and Brydone have collected 
many of its fossils, as well as from five or six pits along the top of 
the cliffs between Freshwater and Scratchalls Bay. 

Prof. Barrois refers to this zone the chalk seen in a small pit 
north-west of Bowcombe Wood near Carisbrooke, from which he 
obtained Micraster coranguinum, Galerites albogalerus and a 
Spondylus. If in this zone it must be in quite the lowest part of it. 

Mr. Griffith writes that the large pit half a mile east of 
Carisbrooke may be in this zone, but that fossils are very scarce, 
and the evidence is not decisive. Mr. Hill is also inclined to refer 
the chalk here to the upper part of the M. coranguinum zone. 


* Quart. Journ. Geol. Soc., vol. xxi., p. 401. 
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The highest beds of the zone and its passage up into that of 
Marsupttes may be seen in a large quarry at the west end of Arreton 
Down (Downend pit). 

Mr. Griffith is also disposed to regard the upper quarry north- 
west of Yarbridge by the road leading on to Brading Down as 
exposing the chalk of this zone. 


The zone of Marsupites. 

Marsupites have up to the present been found only at two places 
in the island, one a‘small exposure near Freshwater, discovered by 
Mr. Griffith, the other being in the large quarry on Arreton Down 
above mentioned. Fig. 112 is a section through this quarry 
showing the position of the band of chalk, which is characterised 
by the presence of \arsupites and the scarcity of flints. 


Quarry. 


e 
Fic. 39.—Section through the chalk-pit on Arreton Down. 
Scale. horizontal and vertical, 6 inches to a mile. 
e=Kocene 2=Zone of Marsupites. 
3=Zones of Act. quadratus. 1=Zone of M. coranguinum. 


and Bel. mucronata m= Middle Chalk. 


The following details of the succession of beds forming this zone 
‘were taken by Mr. Hill at this quarry in descending order :— 


Ft. in. 
Sx Chalk with regular layers of flints ; thickness not 
a. 2 measured - -probably about 80 0 
gSS Hard white chalk with two continuous seams of 
N=” flint 6 0 
Hard white chalk with layer of flints at base 3.0 
+ | Hard white chalk without flints, massive beds 
om with a marl seam in the centre ; Actinocamax 
Se granulalus -  - - 15 0 
. | Layer of flints ; 0 3 
. = White chalk with a few scattered flints near 
2 the base - 5 6 
cs | White chalk with a fons Ants sasaped sparsely 
& along lines - 19 O 
& Thin seam of marl Oo 2 
» | Chalk with a few flints thinly scattered aon, 
& definite lines 18 0 
“| White chalk with flints as above, ented 
cs) Marsupites,, Offaster pillula, Rhynchonella 
x plicatilis, and other fossils -about 20 0O 
SS | White chalk with occasional lines of flints, these 
becoming more numerous below -about 70 0 


Chalk with layers of close-set. flints (zone of Af. coranguinum). 
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The beds are dipping to the north at about 40 deg. Besides 
single plates Mr. Hill found a complete test of Marsupites testu- 
dinarwus here. For the fossils which Messrs. Griffith and Bry- 
done have obtained here, see list on p. 95. e 

In Culver cliff the flintless chalk of this zone was observed by 
Mr. Whitaker so long since as 1865, his notice of it being as 
follows :—‘“‘ Here in the midst of the chalk, with layers of flint at 
every 3 or 4 feet, is a space some 40 or 50 feet thick with only 
one thin seam of tabular flint, but with four lines of green-coated 
nodules like those of the Chalk Rock, but perhaps of a deeper 
colour.” Referring to this band, Mr. Strahan says it is from 350 
to 400 feet above the so-called Chalk Rock, 7.¢., the nodules in 
the Terebratulina zone, and that from one of the nodule beds 
were obtained Offaster pillula, Serpula plexus, Rhynchonella 
plicatilis, a coral and a sponge. 


Zone of Actinocamax quadratus. 


Above the Marsupite zone there seems to be a great thickness 
of chalk (300 feet or more), in which Act. quadratus occasionally 
occurs, and in which Offaster pillula is sometimes common. 
Certain pits, which are presumably at the summit of the zone, 
yield examples both of Act. quadratus and of Bel. mucronata, an 
association which is rare in other parts of England. 

For the following notes on the pits which Messrs. Griffith and 
Brydone refer to this zone I am indebted to Mr. Griffith. 

The new fort above the Neédles seems to be situated on it; 
they found numerous specimens of Offaster pillula in thé exca- 
vations for the foundations, and its position is too northerly for 
the Marsupites zone. 

A pit at Freshwater Gate by the pumping station yielded 
Act. quadratus and Bel. mucronata, the latter abundantly. The 
same two fossils are found in the large pit east of the station at 
Shide, near Newport, where the beds dip northward at 75°. 

The northern face of Downend pit (Arreton Down) exposes 
the lower part of this zone—chalk with layers of black flints. 

They have also found Act. quadratus with Offaster pillula in the 
northern part of the Culver Cliff. 


Zone of Belemnitella mucronata. 

Prof. Barrois describes the chalk of this zone as soft and friable 
containing flints which are generally of a smoky-grey colour, 
but sometimes black flints, as at Alvington and Mottistone. He 
also remarks that Magas pumilus is very common in this zone, 
but is rare in that of Act. quadratus. 

A line of old quarries from which some fossils may be obtained 
occur to the north of Afton Down. “ 

A large quarry at Shalcombe, north of Brook, is open in this 
zone, dipping at a high angle to the north. .Prof, Barrois says 
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the lower beds contain large black flints and yielded Belemni- 
tella mucronata, Echinocorys gibbus, and Inoceramus Cripsi 
(? species) ; while the upper beds contain grey flints and afforded 
Bel. mucronata with Magas pumilus. 

There are quarries on the north side of Mottistone Down, one 
south-east of Newbarn and another at Pitt’s Farm, in all of which 
Bel. mucronata has been found. 

From an old pit (now a garden) by Mord Cottage, at the west 
end of Carisbrooke, Mr. Hill obtained Magas pumilus and part 
of a Belemnite (? B. mucronata). There is also an old quarry 
by the main road south of Alvington Farm, from which Prof. 
Burrois obtained a few fossils. 

The occurrence of B. mucronata in the large quarry between 
Carisbrooke and Shide has been noticed above. 

Prof. Barrois records it from Mersly Down, and there is a large 
quarry on the north-west side of this down by Chalkpit Copse 
where the chalk dips at 85 degrees to the north. Probably this 
was the exposure he found. 

There are also pits near the Eocene border north of Ashey 
Down and of Nunwell Down, which are doubtless in this zone. 

Mr. Mark Norman has recorded Bel. mucronata, Echinocorys 
vulgaris, and Galerites albogalerus from the chalk just below 
the base of the Eocene in Whitecliff Bay.* 


Fossits FROM THE UPPER CHALK OF THE ISLE or WIGHT. 


That we are able to give acompletely zonified list of fossils from 
the Upper Chalk of the island is mainly due to the careful col- 
lecting of Messrs. Ch. Griffith and R. M. Brydone, and to their 
kindness in placing their results at our disposal. We have incor- 
porated the fossils recorded by Professor Barrois in his account 
of the island above mentioned, and also those obtained from the 
zone of Holaster planus by the Geological Survey. 


=a | s§ | of | 38 | 38 
od 8 Xs 3 
a 3g8) 32] 28 | sz | es 
Sue) 22 | 88 | 8 | 28 
Re me S| = | 8s 
Pisces. 
Corax heterodon, Reuss - x = = eM! 4 
Enchodus lewesiensis, Ag. - pos f 
Lamna appendiculata, Ag. x a x = 
Cephalopoda. 

Aptychus rugosus, Sharpe - ee = = x 
2 Sp. = = os = = x 

Actinocamax quadratus, Defr. - - - x 
35 granulatus Blainv. - - x ~ 7 


* See Proc. Geol. Assoc., Vol. i., p. 40 (1865). 
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ie) 
or 


planus. 


Zones of M. 
cortest. and Hol. 


Zone of Jf. 
coranguinum. 


Zone of 
Marsupites. 


Zone of Act. 
quadratus. 


Zone of Bel. 
mucronata. 


Belemnitella lanceolata, Schlot. 
mucronata, Schloth 
Rhynchoteuthis sp. - - 


Lamellibranchiata. 
Caprotina sp. 
{noceramus sp. - 
Lima Hoperi, Sow. : 
» pectinata, d’Orb. 

» Ssemisulcata, WVilss. 
Ostrea curvirostris, Sow. - 
»  canaliculata, Sow. 

», hippopodium, Wilss. 

»  normaniana, d’Orb. 

»  semiplana, Sow. - 

ee vesicularis, Lam. 

wegmanniana, d’Orb. 

Peoten crotasns Defr. (=nitidus, Mant. ) 

bad 

- (Neithea) Dutemplel, a’Orb. 

> quinquecostatus, Sow. 

Plicatula sigillina, S. P. Woodw - 
Spondylus dutempleanus, ‘d'Orb. 

5 latus, Sow. 

Ss spinosus, Sow. - 

” Sp. 


Brachi-podua. 
Crania bene) eresnels, Retz. 
Magas pumilus, Sow. - 
Rhynchonella limbata, Schloth. 
_ plicatilis, Sow. 
- reedensis, th. 
Terebratula carnea, Sow. - 
5 semiglobosa, Sow. 
sexradiata, Sow. 
Terebratulina striata, Wahl. 
gracilis, Schloth. 
Thecidium Wether elli, Morris - - 


Bryozoa. 
Ceriocava ramulosa, Mich. - 
Claviclausa globulosa @’Ord. (Ceriopora) 
Lunulites cretaceus Defr. 


Cirripedia and Annelida. 
Pollicipes glaber, Roemer. - 
sp. - - 
Scalpellum semiporcatum, Darw. - 
Serpula ampullacea, Sow. = - 
»  annulata, Reuss 
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Zones of M. 
cortest. and Hol. 
pldnus. 


Zone of M. 
coranguinwm. 


Zone of 
Marsupites. 


Zone of Act, 
quadratus. 


Zone of Bel. 
mucronata- 


Serpula fluctuata, Sow. 
»  granulata, Sow. - 
» llium, Sow. 
a5 plexus, Sow. 
»  turbinella, Sow. - 


Echinodermata. 

Bourgueticrinus sp. - 
Calliderma sp. 
Cardiaster sp. - - 
Cidaris clavigera, Kénig 

»  hirudo, Sorzg. 

»  perornata, Forbes 

»  sceptrifera, Mant. - 

3,  subvesiculosa, d’Orb. 
Cyphosoma Kcenigi, Mant. 

53 radiatum, Sorig. - 

” Sp. : = 
Echinocorys scutatus, Leske ‘ 
jalerites albogalerus, Leske - 

” Sp. x 7 : 
Holaster planus, Mant. - 
Marsupites testudinarius, Schloth. - 
Infulaster major, ? Desor. 3 
Micraster coranguinum, Leske — - 5 

i cortestudinarium, Gof. 
‘5 Leskei ? Desm. 
precursor, Rowe - 
Metopaster Parkinsoni, Forbes 
Offaster pillula, Lam. -— - 
Pentacrinus Agassizi, Hag. 
Salenia granulosa, Forbes - 


Actinozoa. 
Axogaster cretacea, Lonsd. : 
Parasmilia centralis, Mant. 
Trochosmilia sp. 


Spongida. 
Cephalites sp. - 
Cliona cretacea, Portl. - 
Plocoscyphia sp. - 
Porosphera globularis, Phil. - 
pileolus, Zam. (= urceolata) 
25 Woodwardi, Carter 2 
Ventriculites moniliferus, Roener - - 

” Sp. 4 
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CHAPTER VIII. 
THE UPPER CHALK IN SOUTH DORSET. 
GENERAL DESCRIPTION. 


The chalk of South Dorset is a continuation of that of the Isle 
of Wight, with which island it was doubtless once united. Brought 
up by a prolongation of the same uplift, the Upper Chalk is ex- 
posed at many places along the coast between Ballard cliff (near 
Swanage) and White Nothe (Ringstead). It is, however, so 
faulted, broken, and crushed that few of the sections afford satis- 
factory views of the zonal succession. 

Professor Barrois was the first to attempt a determination of 
zones in this area, and more recently Dr. A. W. Rowe has 
published an account of the coast sections which adds very 
largely to our knowledge of the zonal divisions.* I shall 
take the latter as the basis of the following description, adding 
a brief account of the chalk round Dorchester from my own 
notes. 

As stated under the description of the Middle Chalk, we agree 
with Dr. Rowe in thinking that the base of the zone of Holaster 
planus, and, therefore, of the Upper Chalk, as now understood, 
has not been accurately fixed by previous observers. We think 
that both Professor Barroist and Mr. Strahant have placed it too 
low, and that the double layer of green-coated nodules, which 
occurs in all exposures and has been regarded as representing 
the Chalk Rock, is really a nodule bed in the Terebratulina zone. 

With respect to the thickness of the Upper Chalk in South 
Dorset, Mr. Strahan estimates the total thickness of Challx on 
the south side of the thrust-fault, near Ballard Point, to be 1,175 
feet ; deducting from this the thickness of the Lower and Middle 
Chalk (about 250 feet) we have 925 feet left for the thickness 
of the Upper Chalk. As this does not include the highest beds, 
which are only found on the north side of the fault, we must add a 
certain thickness, say about 200 feet, for them, and thus obtain 
a total of not less than 1,100 feet. From sections plotted near 
Lulworth and White Nothe Mr. Strahan has estimated the thick- 
ness of Upper Chalk in that district at 956 feet, but this does not 
include all of the Bel. mucronata zone. Dr. Rowe’s measure- 
ments as given below make up a total thickness of 1,060 feet. 


* Proc. Geol. Assoc., Vol. XVII, pp. 1-76, plates i-x, (1901). 
t Recherches sur le Terrain Crétacé Supérieur, pp. 78-102. 
tGeology of the Isle of Purbeck and Weymouth, Mem, Geol. Survey, 
1898, p. 167 et seq. 
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We may, therefore, consider the thickness of the Upper Chalk 
along the southern side of the Eocene tract in Dorset to be from 
1,000 to 1,100 feet, which is not far from its estimated thickness 
in the Isle of Wight. 

From Dr. Rowe’s descriptions the following may be taken 
as the average thicknesses of the several zones in South Dorset, 
at. places where they have been least affected by faulting and 
compression :— 


Feet. 
Zone of Bel. mucronata - 250 
Zone of Act. guadratus - : 350 
Zone of Marsupites | 110 
Zone of Mier. coranguinum 230 
Zone of Micr. cortestudinariwm 50 to 70 
Zone of Hol. planus - - 40 to 50 

1,060 


For-an account of the faults and disturbances by which the 
Upper Chalk of this region is affected the reader is referred to 
the chapter on that subject in Mr. Strahan’s memoir on the 
Geology of the Isle of Purbeck and Weymouth. 

Instead of following each zone separately, it will be more con- 
venient to describe what is seen of the Upper Chalk at each of 
the principal localities, these being four (1) that of the cliffs 
between Studland Bay and Swanage Bay; (2) between Arish 
Mell and Mupe Bay ; (3) at and west of Durdle Cove ; (4) near 
White Nothe. 


STRATIGRAPHICAL DETAILS. 
THE Coast SEcTIONS. 


1.—The Cliffs north of Swanage. 


The cliffs north of Swanage, from Ballard Point to Studland 
Bay, present a fine section of the Upper Chalk, though only a 
small part of it is accessible without a boat. The zonal succes- 
sion was briefly indicated by Prof. Barrois in 1876, and has been 
more completely described by Dr. A. W. Rowe. The section 
Fig. 40, is based on that drawn by Mr. Strahan and published 
in the Memoir on the Isle of Purbeck, with the zonal details 
inserted from the diagrammatic section in Dr. Rowe's paper 
(Op. cit. p. 32). . 

Zone of Holaster planus.—This is regarded as beginning 
about 20 feet above the layer of green-coated ‘nodules’ in the 
Terebratulina zone (see Vol. IL), and it is included in 
the chalk which Prot. Barrois referred to the zone of ‘iif. 
cortestudinarium. Dr. Rowe found it impossible to get onto 
any surface of the H. planus zone even from a boat, for.the beds 
are vertical and form the front of Ballard Point.- Its thickness 
is probably about 40 feet. Flints are numerous, as in the Isle of 
Wight. oe a 
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Zone of Micraster cortestudinariwm.—Dr. Rowe mentions a 
cave on the south side of the point from which he obtained 
Micrasters of the forms characterising this zone, As regards 
thickness he refers to Prof. Barrois’ estimate of the M. 
cortestudinartum chalk at this place (82 feet) and says about 
half that thickness would in his opinion be more correct. As I 
feel sure that Prof. Barrois’ estimate really included the zone of 
H. planus, we may assume that the true zone of M. 
cortestudinarium. is here from 40 to 50 feet thick. 

Zone of Micraster corangwinwm.—-Dr. Rowe thinks this 
comes into the northern side of the cave above mentioned and 
extends northwards for some distance, reaching to a bay which 
is backed by a shingle beach. No measurement is possible. 

Zone of Marsupites.—About one-sixth of the distance along 
the cliffs of this bay he found plates of Uintacrinus and farther 
on plates of Marsupites in white chalk with fewer layers of 
flints, but no complete measurements were taken. 

Zone of Actinocamax quadratus.—Dr. Rowe writes: “ We then 
pass to a yellower and flintier chalk, which extends as far as 
Argyle Point. This point is drawn on the 6-inch map but is not 
named. . . . At the northern end of this we traced two 
yellow nodular bands which run out almost due east as a ledge 
terminating in a rock. These bands are strangely reminiscent 
of the ‘Chalk Rock’ of the Geological Survey.” It would be 
interesting to compare these nodular layers with those which 
occur in the Isle of Wight, either in this zone or in that of 
Marsupites (see p. 93). 

Dr. Rowe found two examples of Act. guadratus or Act. 
granulatus in or near these nodular layers, but could not obtain 
any other fossils either here or in the next little bay. Beyond 
this the base of the cliffs is much obscured. by seaweed, but at 
a point 39 feet from the plane of the great thrust-fault which 
describes such a beautiful curve through the cliff, he found a 
good specimen of Belemnitella mucronata, proving that the 
zone ot Act. quadratus does not extend up to the fault. 

« Mr. Strahan describes all the Upper Chalk on this side of the 
fault as “ hardened into a limestone which can only be scratched 
with a knife, while the whole cliff is traversed by veins of calcite 
and innumerable planes of slickensides.” Of the great fault 
-itself, he says that it “forms a very sharp line, curving upwards 
in the cliff with beautiful regularity and keeping exactly parallel 
to the bedding-planes of the beds above it. These strata curve 
up through nearly an eighth of a circle, so as to be nearly vertical 
in the top of the cliff, while at the foot of the cliff they dip north- 
wards at an angle of about 40 degrees. Through the whole curve 
they rest upon the edges of vertical chalk with a curiously close - 
imitation of a great unconformity.” (Op. cit. p. 169.) 


Zone of Belemnitella muecronata.—It appears that Prof. 
Barrois was mistaken in supposing the chalk of the cliffs on the 
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north side of the fault to belong to his zone of Mursupites. He 
does not mention any fossils, and seems to have been led to this 
conclusion by the comparative fewness of flints. Dr. Rowe 
states that “the whole clitt from the fault to Studland Bay is cut 
in the B. mucronate zone, rich in the name fossil and in all the 
other characteristic fossils associated with it, and at the time of 
our visit perfectly exposed and accessible in its entire extent.” 
This extent of cliff is about a mile and a third in length and 
forms the best exposure of the zone to be found in England. 

A little way beyond the fault the beds become horizontal for a 
space and then dip with a gentle inclination to the north. 

From Dr. Rowe's measurement it appears that the thickness 
here sas ee is about 250 feet, starting from the plane of the 
fault, which may be, and probably is, above the base of the zone. 
He observed a marked layer of large nodular flints at a distance, 
measured across the beds, of about 100 feet from the cave where 
the fault reaches the shore, and this flint-layer comes down to 
the shore 100 yards north of the first Pinnacle. From this 
point a strong yellow band can be seen at the top of the cliff 
and “ there is roughly 100 feet between the strong flint-line and 
the strong yellow band. This yellow band can be traced 
readily to Handfast Point, and Old Harry [a detached pinnacle] 
shows it well. It is about two-fifths up the cliff at Hundiast 
Point, and gradually sinks as we pass into Studland Bay till it 
reaches the shore on the west side of the fifth little headland 
west of Handfast Point. There is about 50 feet of chalk above 
the yellow band in Studland Bay, so that we obtain a thickness 
of Bel. mucronata chalk of at least 250 feet.” The fossils 
obtained by Dr. Rowe from this zone are included in the 
list given at the end of this chapter. 

Prof. Barrois correctly ened the chalk of Studland Bay to 
the zone of Bel. mucronata and gave measured particulars 
of the upper 118 feet, in which flints are rather more numerous 
and occur in layers at distances of from 3 to 8 feet apart. He 
does not mention the yellow band, but his measurement ends at 
a bed of “ chalk without flints, the surface of which is indurated 
and corroded.” (Recherches, p. 103.) 


2.—The Cliffs from Arish Mell to Black Rock. 


Passing westward across the Isle of Purbeck we find the 
Upper Chalk reaching the sea again at Arish Mell, a little cove 
adjoining Worbarrow Bay and in the cliffs which intervene 
between this cove and Mupe Bay. ; 

On the eastern side of Arish Mell the chalk is inclined at such 
high angles that it presents a section from the zone of Holaster 
planus into that of Actinocamax quadratus. The zone of 
‘HH. planus at the outer point is not accessible, but that of 
Micraster cortestudinariwm can be reached and those of M. 
coranguinum and Marsupites are well exposed. The inmost 
side of the Mell exposes the zone of Bel. mucronata, and the A. 
quadratus zone can again be examined in the western clit; still 
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farther west toward Mupe Bay the lower zones come in again 
and can be reached along the shore at dead low tide. The 
following account of each zone has been compiled from the par- 
ticulars given by Dr. Rowe, and combines what is seen on both 
sides. 

Zone of Holaster planus.—The northern side of Mupe Bay 
terminates eastward in a little headland known as Black Rock ; 
part of this headland is formed by the zone of H. planus, which 
consists of a greyish nodular chalk without any conspicuous 
yeliow bands. Its thickness is about 50 feet. and it includes a 
band which is crowded with a small rotiform Bryozoon allied to 
Defrancia. 

Zone of Micraster cortestudinarium.—Dr. Rowe describes 
this zone as consisting of yellow nodular chalk, its colour con- 
trasting with the grey of the H. planus zone and the white of 
the M. coranguinum zone, and closely coinciding with the 
zoological boundaries of the zone. There are frequent, but 
irregular layers of flints, and the total thickness is about 60 feet. 

Zone of Micraster coranguinum.—This zone is here about 
200 feet thick, and consists of white chalk with regular layers of 
flints. Fossils appear to be rare, but Dr. Rowe found M. 
coranguinum and its variety, latior, with Galerites albo- 
galerus and the varieties of Echinocorys scutatus which 
oe occur in this zone. There is no physical or litho- 
ogical feature to serve as a guide for the top of the zone, and 
Dr. Rowe’s measurement is simply to the point where he 
obtained the first plate of Uintacrinus. 

Zone of Marsupites—Dr. Rowe obtained evidence of the 
existence of the two sub-divisions of this zone in both the cliff 
exposures, the Uintacrinus’ band below and the Marsupites 
band above, just as in Kent and Sussex; but the thickness of the 
zone as measured in the western cliff did not agree with that 
obtained on the eastern side of Arish Mell. The measurements 
were :— 


ee ; Western side, Hastern side. 
Band containing neither 


Marsupites nor Offaster pillula 15. feet. 15 feet. 

Marsupites-band - 124, 24 , 

Uintacrinus-band. WW 4, 30 ,, 
444 feet. 69 feet. 


As to the explanation of this difference, Dr. Rowe does not think 
that it is due to a greater amount ot compression on the western 
side, but remarks that the limits of the zone were only fixed by 
actual collection of the Crinoid plates, and he thinks it possible 
that they may really be distributed over a greater thickness 
than he actually proved at his visit. Several other character- 
istic fossils were found, but no Belemnites occurred. 

Zone of Actinocamax quadratus.—The base of this zone was 
fixed by the first occurrence of Offaster pillula and on the 
eastern side ot Arish Mell this was 15 feet above the point 
where the last plate of Marsupites occurred. But the best 
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exposure of the zone is on the western side, where it occupies 
the cliffs from Barbder’s Rock to a point inside Arish Mell, 
passing round Cockpit Head. 


_ Dr. Rowe remarks that “the southern face of Cockpit Head 
is, without exception, the best weathered and most fossiliferous 
that we have worked. . . . The reason is that the cliff is 
protected by a barrier of fallen blocks of chalk which prevent 
the face from being pounded by the shingle, The Section is not 
uniformly good, as in parts it is overgrown by seaweed. The 
chalk is massive, white, free from marly veins and bands, but 
much slickensided and veined with calcite. . . . Rounding 
the corner into Arish Mell we find a splendid surface of vertical 
chalk facing due east. This is all in the Act. quadratus zone 
up to the point indicated in Plate VI.” (of Dr. Rowe’s paper). 

Professor Barrois mentions that there are frequent layers ot 
flints, which are mostly small, pink outside and black inside. 

Dr. Rowe’s measurement of this zone gave a thickness of 
354 feet, the base being fixed by the occurrence of Act. 
granulatus and Offaster pillula opposite Barber's Rock, and the 
summit by the occurrence of Bel. mucronata a few feet above 
that of a fine Act. guadratus, Offaster pillula being abundant in 
patches throughout the section. Other fossils, such as Hchino- 
corys scutatus var. gibbus, Bourgueticrinus, Parasmilia and 
Bryozoa are common, and several examples of Terebratulina 
Rowei were found at the base of the zone. 

Zone of Belemnitella mucronata.—This zone is only exposed 
on the western side of Arish Mell, where the cliff becomes low, 
but the exposure is much obscured by grass-covered talus. It 
has yielded many examples of Bel. mucronatu, with specimens 
ot Magas pumilus, Crania costata, Kingena lima, Terebratula 
carnea and other characteristic forms. Dr. Rowe found that 182 
feet of this zone come in “from the point of junction with the 
Act. quadratus zone to the sluice,” or stream, where the cliff 
ends. It should also be mentioned that the exposure of this 
zone in Arish Mell had not been suspected before Dr. Rowe's 
examination of the coast. 


3.—Durdle Cove. 


From Arish Mell and Black Rock the narrow outcrop of the 
uptilted Upper Chalk strikes westward and passes behind 
Lulworth Cove, St. Oswald’s Bay, Man-of-War Cove and Durdle 
Cove. ‘The zones of Holaster planus and of Micraster cortes- 
tudinariwm are exposed in St. Oswald’s Bay, but are there ve 
much crushed and compressed. They also come into the clifis 
which form the western side of Durdle Cove, where they are 
traversed by one of the remarkable slide-planes which have been 
described by Mr. Strahan; this is well illustrated by Fig. 41, 
which is reproduced from the Memoir on the Geology of the Isle 
of Purbeck, and also by Plate III. of Dr. Rowe’s paper. 
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The slide-plane forms a marked feature near the base of the 
cliff, and Dr. Rowe observes that it traverses two sets of zones. 
“In its eastern part it has the zone of Terebratulina gracilis 
above and below it; a little further west the zone of 7. gracilis 
above and that of H. planus below; while in the western and 
greater part of its extent it has the H. planus zone above and 
the M. cortestudinarium zone below, except where the projec- 
tions at the foot of the cliff jut out farther, where it is again in 
the H. planus zone..... 


“ Along the line of weakness caused by the slide-plane the sea 
has hollowed out a series of little caves (see Fig. 42). The roof 
in all cases has been pushed northward over the floor of the 
cave. In the eastern part of the slide-plane the separation has 
been marked by a sharp line, but in the western part the floor 
of the cave has been ground up into a paste and cemented 
together again.” (Op. cit. p. 16). 

Dr. Rowe found that the promontory which forms the 
western horn of Durdle Cove consists of the grey nodular chalk 
of the H. planus zone and passing round this, “we enter a 
recess leading by a narrow water-channelled surface to [the 
combe called] Scratchy Bottom above: . . . . and then 
follows a good section of inverted M. cortestudinarium and M. 
coranguinum zones. The slide-plane is here seen as an oblique 
line half way up the low cliff at its southern end, intersecting 
the M. cortestudinarium zone.” (Rowe, Op. cit. p. 16.) 


Dr. Rowe found this the best exposure of the zone of MM. 
cortestudinarium for fossil-collecting on this coast, but even 
here it is not so fossiliferous as in Kent or Sussex. He notes 
however that Micrasters are fairly abundant and that the broad 
M. cortestudinariwm is here commoner than the oblong M. 
precursor. Taking the upper limit of the zone at a strong 
yellow nodular band he gives its thickness as 70 feet; the beds 
are nearly vertical, but are reversed so as to dip seaward at an 
angle of about 75°. 


This zone is succeeded by that of M. coranguinum which 
occupies the cliff to the head of the recess and is estimated by 
Dr. Rowe to be 240 feet thick. This thickness may possibly 
include a little of the zone of Marsupites, but he could not find © 
any plates of Uintacrinus though he obtained a Marsupzites 
plate from a rabbit-hole about 60 paces north of the edge of the 
cliff. 


The cliffs of Swyre Head are in the zone of M. coranguinum 
but their base, being always washed by the sea, is not accessible, 


4.—White Nothe to Bats Head. 


The cliffs near White Nothe present another good section 
through the Upper Chalk from its base to the higher part of 
the Actinccamaz quadratus zone. The lower zones can be 
examined both to the west and to the east of White Nothe 


106 THE CRETACEOUS ROCKS OF BRITAIN. 


Point; on the western side they are high up in the cliff. The 
Signal-house of the Coastguard Station stands on the zone otf 
M. coranguinwm, and thence the beds dip down to the shore 
below West Bottom (see Fig. 41,p. 100). 

There is a zigzag path leading up from the undercliff to the 
Signal Station, and west of this are two bluffs which expose faces 
of the H. planus zone, and the path gives a section through the 
succeeding zones. In 1875, this section was clear enough to be 
measured, and was examined by Prof. Barrois, whose account 1s 


quoted below :— 
Feet. 


10, White Chalk with greyish flints in thin discon- 
as tinuous layers - : - = 33 
> S 9. Chalk with flints which are pink outside and pale 
4.5 grey within, Micraster coranguinum, Echino- 
a conus conicus, and many Cidaris spines - 66 
& § | 8. Chalk with pink-stained flints ; many fragments 
N51]. of large Inocerami at the base. Inoc. involutus- _50 
‘© “7, Very hard nodular bed with rolled fossils- © - ° 13 
. (6. Chalk with pinkish flints resting on a-bed of 
3 yellow nodular chalk - - - 4 
5 § | 5. Chall with many seattered flints, pink outside, a 
cE Salenia granulosa and many Cidaris spines - 13 -: . 
by 5 4, Chalk with blackish flints in layers, some of which 
‘S08 are continuous floors ee (6) 
> S |3. Chalk with black flints, some of them cavernous, 
7” and several beds of nodular chalk, one at the - 
N | base -— - - = 2 = © = 65 
Z f 2. Chalk with scattered solid black flints, Holaster 
rm o planus, Micraster corbovis, Cidaris clavigera, etc. 50 
iilants 1. Hard nodular chalk with Holaster planus and 


" “Mierasters + a: = = db 
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We have printed the above because Dr. Rowe was unable to 
measure this section, while Prof. Barrois did not examine the 
shore section, and consequently no one has yet compared the 
two. Prof. Barrois thought the highest chalk below ths Signal 
might belong to the zone of Marsupites, but Dr. Rowe found the 
outcrop of this zone, with plates of Uintacrinus and Marsupites 
in their proper relative position, in a slipped face at the top of 
the cliff, 100 yards east of the Signal. 

Passing to the shore east of the Signal, a: fine line of cliffs is 
found with a shingle beach below, and this is best reached by 
boat when the sea is sufficiently smooth for landing. This section 
is illustrated in Fig. 41, which has been drawn from the six-inch 
map, and the data given in Dr. Rowe's paper, from which also 
the following descriptions are taken, with some abridgements. 

Zone of Holaster planus.—The base of this zone is taken 
by Dr. Rowe at the lower of two marl-seams which are 8 feet 
apart, but he does not state how tar this is above the layers of 
green-coated, nodules in the Terebratulina zone. -He describes 
the chalk of the H. planus zone as grey and marly, with yellow: 
nodular bands which show up strongly. It contains many flints 
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in the upper part, but fewer in the lowest 18 feet. The total 
thickness 1s 51 feet, the summit being taken at a layer of large 
flint nodules which comes to the shore “below a fine upstanding 
mass of chalk, locally known as the Fountain Rock,” though 
unnamed on the 6-inch Ordnance map. 


Zone of Micraster cortestudinariwm.—tThis appears to consist 
of bands of hard smooth chalk, alternating with beds of hard 
yellowish and nodular chalk, the latter not being so prominent 
as usual, and fossils being few and fragmentary. The flints are 
black with thin white crusts. Dr. Rowe carries the zone up to 
“a strong ferruginous line of crushed and crowded flint, from 4 
to 8 inches thick, which reaches the shore about 100 yards east 
of Middle Bottom.” Between these limits the thickness is 113 
feet, which is 21 feet more than the thickness assigned to this 
zone by Prof. Barrois below White Nothe Signal. 


Zone of Micraster coranguinum. — Of this Dr. Rowe 
writes: “The cliff at this point begins to show much evidence of 
disturbance. The beds are dipping sharply, and a fine series of 
slide planes comes into view. We trace this zone from the strong 
ferruginous flint-band to the first slide-plane, above which is the 
grass slope on which the seagulls nest. The chalk is firm, and 
generally white, with regular lines of flints, with black cortices 
m the lower part, passing into grey in the upper part. Fossils 
are rare, but Micraster coranguinum (type) Galerites albogalerus 
with ovate and dome-shaped varieties of Echinocorys were found. 
For the thickness of the zone he obtained a total of 171, but 
observes that this is probably an under-estimate. We notice, 
however, that this figure, combined with that of the underlying 
zone, makes a total of 284 which is not far from normal. 


Zone of Marsupites.—“ From the first to the second slide- 
lane is 81 feet, and from the second to the third is 30 feet. 
hese measurements, curiously enough, coincide with the dis- 


tribution of Uintacrinus- and Marsupites- plates . . . The 
characteristic Echinocorys vulgaris var. pyramidatus was fairly 
abundant from bottom to top of the zone . . . The nipple- 


shaped head of Bowrgueticrinus was also found. The flints are 
of a pale grey colour with thick cortices but not zoned.” The 
above measurements give a thickness of 111 feet to the zone here. 


Zone of Actinocaman quadratus—* This zone extends 
along the shore for over half a mile, and were it not so battered 
by the shingle would yield many fossils.” It is traversed by 
many slide-planes, and Dr. Rowe used these as fixed points by 
means of which he obtained the following measurements :— 


Feet: 

From 8rd to 4th slide-plane 50 
» 4h, sth  ,, « a 
» oth, 6th , a x - 48 
» 6th, 7th  ,, 2 & “Be 
» th, 8th 4 a ee 


204 
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This takes the beds to a layer of flints below the centre of Middle 
Bottom, where they become almost horizontal for a space of 
about 100 yards. From this flint-bed to the top of the cliff 
above is about 50 feet, which gives a total of 254 feet. 


“For several hundred yards east of Middle Bottom the cliffs 
are not much disturbed, but as soon as we reach the point where 
the beds curve up sharply, slide-planes are common, and we 
enter a belt of shattered chalk. e chalk on the east side of 
Middle Bottom must be a repetition of that on the west side, 
and we here obtained a measurement of 273 feet,” which would 
give a total of 323 feet asexposed. This measurement was taken 
to a point almost opposite the Calf Rock, where he found the 
tip of a Belemnite, while a few yards further east a plate of 
Marsupites was found marking the lower limit of the Act. 
quadratus zone. As a result of the measurements, Dr. Rowe 
expresses the opinion that the zone cannot be less than 350 feet 
thick, and it will be remembered that at and near Arish Mell 
the thickness was estimated at 354 feet. 


The lower part of the zone, where dipping eastward, consists 
of firm white chalk with occasional layers of flints. “ Eastward 
of the sixth slide-plane, and up to Middle Bottom, the chalk 
alters much in appearance, and exhibits a yellowish tinge. 

The flints were of the same appearance as in the 
Marsupites-zone. The last strong band of Cardiaster pillula 
[Offaster} was found at the seventh slide-plane, east ot Middle 
Bottom.” 


As regards other fossils, Dr. Rowe only found Actinocamax 
granulatus at the base of the zone, but below Middle Bottom he 
discovered a band of chalk, about 15 feet thick, in which Act. 
quadratus was not uncommon, and he was able to trace this 
band for nearly a sixth of a mile. Lchinocorys scutatus var. 
gibbus is abundant throughout, but generally broken by the 
battering of the shingle. 


The highest part of the Upper Chalk is seen in several quarries 
north of Lulworth, in the country between that place and Wool. In 
Lulworth Park are two pits near the North Lodge, koth of which 
appear to be in the zone of Bel. mucronata, both showing chalk with 
flints and many small fossils, among which Magas pumilus occurs. 
The eastern pit is close to the Eocene boundary, and is consequently 
in the highest chalk; it contains some large “ Paramoudra ” flints 
like those of the Norwich chalk, and Professor Barrois obtained Bel. 
mucronata here. 


Mr. Strahan records chalk with a few flints, containing many 
Bel. mucronata, in a quarry north of Combe Keynes, while to the 
south of that place, and on a lower horizon, a soft white almost 
flintless chalk has been dug, which may belong to the Act. 
quadratus zone, 
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THE COUNTRY ROUND DORCHESTER. 


Passing now to the more western part of Dorset, some account 
may be given of the succession which can be made out from the 
inland quarries in the neighbourhood of Dorchester. 

Chalk Rock and Associated Beds.—Some interesting 
sections occur in the valley of the Winterborne, south-west of 
Dorchester, where a special facies of the Chalk Rock is found, and 
where faults have produced some curious appearances. 

The most remarkable section is that of a quarry at the bottom 
of the road to Dorchester, between Winterborne Abbas and West 
Steepleton. This section was first described by Professor Barrois . 
in 1876,* who drew attention to the remarkable bed of conglom- 
erate here disclosed, and stated that it included fragments which 
had been derived from the Upper Greensand. The section as I saw 
it in 1893 appeared to exhibit the following descending succes- 
sion :— 


Feet. 
White chalk with black flints (not measured). 
Rough nodular chalk with grey flints - - os about 18 
Beds not seen - - - Me 10 
Hard conglomeratic chalk - - Sigs 4 
Massive whitish chalk, full of quartz and glauconite - ,, 6 
Hard conglomeratic chalk -  - = seen for ,, 2 


The beds dip at about 50° to N., 15° E., and they look as if they 
were successive beds in natural order, but the absence of any similar 
succession elsewhere made me suspect that this appearance was 
false, and was due to a fault; I thought it possible also that the 
conglomerate might really be “fault rock.” Mr, Strahan subse- 
quently visited the quarry and ascertained that the conglomerate 
is a single bed, duplicated locally by a fault which strikes obliquely 
across the outcrop but has no great throw. He is, however, of 
opinion that the conglomerate is not fault rock but a contem- 
poraneous bed in situ and lying above the glauconitic chalk. This 
conglomerate consists of fragments of hard yellowish chalk like 
Chalk Rock embedded in a matrix of crystalline granular calcite ; 
here and there also are small rounded inclusions of glauconitic sand 
which certainly have the appearance of “ a greensand,”’ as Professor 
Barrois states. Moreover, Mr. W. Hill has examined a slice of the 
rock, and reports that even under the microscope these inclusions 
have a strong resemblance to certain “ Upper Greensand ”’ sand- 
stones. Further, I obtained from it the lower valve of a large 
Neithea quadricostata, which is a form J have never before found 
in Chalk Rock, but is common in the Greensand. The only other 
fossils found were Lima Hoperi, Rhynchonella Cuviert, and a 
Micraster, all of them small. 

It is difficult to reconcile these facts: with the view that the 
conglomerate is Chalk Rock in situ, and whether it is or is not 


* Recherches sur le Terr. Crét. Sup., p. 87. 
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im situ we are of opinion that it contains fragments of sandstone 
which appear to have been derived from Selbornian strata. 

About a mile south-east from this section, and at the opening of 
aside valley known as Kit Hill Bottom (near Rew Farm), is a quarry 
which shows the following beds :— 


Feet. 
Hard nodular chalk with a few glauconite grains - 2 
Rough gritty chalk full of quartz and glauconite, and a few 
flints containing the same minerals - - - 1 
Very hard nodular chalk, dull and greyish, passing into - 5 
Less hard nodular chalk with MMtcraster corbovis - = 85 


Here the rough gritty chalk resembles that of the first quarry, but 
there is nothing like the conglomerate. 

Another pit west of the above, and a little lower on the slope, 
shows at the top hard cream-coloured chalky limestone with massive 
white chalk below, and still lower rubbly grey and white nodular 
chalk. The exposure is much weathered and talused, and no 
fossils were seen. 

At Winterborne, St. Martin in a pit south of the Manor House, 
Chalk Rock of the usual West Dorset facies is seen. It con- 
sists of hard, compact, yellowish chalk, weathering into loose angular 
lumps, and containing the usual fossils; Holaster planus, Lima 
Hoperi, Spondylus spinosus, Terebratula carnea, and Terebratulina 
striata being found in a few minutes. 

In this valley, therefore, the Chalk Rock beds seem to present 
three different facies in as many exposures. 

At Park Farm, on the north side of the valley, soft white chalk 
with flints having a white rind and a milky white band beneath it 
is seen, and these are characteristic of the M. coranguinum zone. 
Clearly a fault runs along the valley, and at this point brings the 
Hol. planus zone against that of M. coranguinum. 

At the corner of the road, west of Ashton Farm, is a quarry 
in hard lumpy chalk with layers of flints which are black inside 
with very thin rinds. The only fossils obtained were a broad 
Micraster (? cortestudinarium) and Terebratula semiglobosa, but 
T have little doubt that it is in the zone of M. cortestudinarium. 

About a mile from this quarry on the road to Upwey are iwo 
quarries, the upper of which shows chalk with rough carious flints, 
possibly belonging to the zone of M.coranguinum. The lower one 
is in‘more nodular chalk with similar flints and a course of 
nodular chalk stained yellow by iron pyrites ; below this course I 
found a Micraster cortestudinarium. — . : 

The lower beds are then cut off by the Ridgeway fault. 

Zone of Micr. ¢oranguinum. The chalk of this zone occupies 
part of the highest ground to the north and west of Dorchester, 
and gradually descends to the level of the River Frome. Thus, 
in the Cerne Valley it occupies the valley-slopes between God- 
manstone and Charminster, but there are only small ‘exposures 
of it. On the north-west it comes‘down to the river at Stratton 
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and. Bradford. Peveril. It has already been mentioned that a 
small exposure of -this chalk, containing flints with a milky-white 
band, occurs at Martinstown, south-west of Dorchester. 

The chalk in the quarry mentioned by Professor Barrois near 
Higher Burton (east of Charminster) may be near the junction 
of the M. coranguinum and Marsupites zones. His description of 
the section is as follows :— 


Feet. 
Soft white chalk - - - - - - = - - 8 
Layer of flints, which are pink outside. 
Soft chalk with two layers of black flints - - - - 5 


From the upper bed above the pink flints he obtained Offaster 
pillula, Echinocorys gibbus, Cyphosoma elongatum, Inoceramus 
and Porosphera globularis. I should have referred this pit to 
the M. coranguinum zone, at the presence of Offaster pillula 
certainly suggests a higher horizon. 

Zone of Marsupites. This zone is probably continuous 
throughout Dorset, though besides the places near Blandford (see 
p. 121) I only know of two localities where plates of Marsupttes 
have actually been found. One was discovered by my colleague, 
Mr. Reid, and is near Dewlish, in the cutting on the road to Mil- 
borne, which shows chalk with grey flints, overlying soft massive 
chalk with few flints, and containing plates of Marsupites. He also 
found similar chalk with Marsupites in the road to Parsonage 
Farm. In each case the exposure is on the contour of 300 feet. 

The other locality is at Bradford Peveril, north-west of Dor- 
chester, and the pit is on the Dorchester road near the pound, 
a small exposure showing firm homogeneous chalk with scattered 
flints, grey or black inside, with a.thick white rind, and some of 
them pink outside. I found two plates of Marsupites here. 

Zone of Act. quadratus. To this zone I refer most of the chalk 
with thick-crusted flints, which is exposed here and there to the 
west of Dorchester. 

South of Dorchester and north-west of Herringstone is a quarry 
in chalk, with a fair number of flints, which have a thick rind 
and are yellow outside; there is also a band of white marl with 
lenticular seams of grey marl, but I could not find any fossils. 

The cutting on the Great Western line west of Maumbury 
Ring, Dorchester, may be in this zone, but I could not find any 
Belemnites, only Terebratula carnea and small ovate Echinocorys. - 

Zone of Belemnitella mucronata. The lower part of this 
zone is exposed in the railway cutting on the Great Western line 
south of the Bridport road ; this is about 30 feet deep, in firm 

white chalk, with layers of flints at intervals of 4 or 5 feet, and 
a few. scattered nodules. The flints are of very irregular shape, 
some small and flat, some roundish, others finger-shaped, from 
4 to 12 inches in length. All have white rinds of moderate 
thickness, varying from a quarter to a third of an inch. Here 
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and there the chalk is rough, and full of Inoceramus fragments, 
but most of it splits with a clean smooth fracture. There is no 
appreciable dip. The fossils found were Belemnitella mucronata 
(several), Spondylus latus, Echinocorys scutatus, and Bourgue- 
ticrinus ellipticus. ; 

West of the railway station and south of Fordington is another 
cutting in the same zone, but probably in higher beds. Below 
the level of the rails on the north side blocky chalk with scattered 
flints of elongate shape and yellow coating has been quarried, 
and resembles that just described. On the south side a face of 
some 30 feet is shown above the rails, and this contains very few 
flints. Bel. mucronata occurs in both exposures. 

South-east of Dorchester, at Whitcombe, there is a pit in chalk 
with a few flints, and at West Knighton a pit worked in two 
levels, showing altogether about 26 feet of chalk, almost destitute 
of flints, but I did not find any Belemnitella. Dr. Barrois, how- 
ever, found B. mucronata in pits at Warmwell and Owermoyne. 

North-east of Dorchester chalk with Bel. mucronata, and con- 
taining a few scattered flints, occurs at Stinsford and Kingston. 
Professor Barrois found the characteristic fossil also at Piddletown 
and Burleston. Thus there is sufficient evidence to show that 
this zone forms a bordering band round the western end of the 
Eocene area. 


FossILs FROM THE UpreR CuatK or SoutH Dorset. 


The following lst of fossils from the Upper Chalk of South 
Dorset has been compiled from the species recorded by Professor 
Barrois in his “ Recherches,” by Dr. Rowe in his paper on the 
Chalk of Dorset, and by Mr. Strahan in his Memoir on the Isle 
of Purbeck and Weymouth, supplemented with a few found by 
myself near Dorchester :— 
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Corax falcatus, Ag. - S| = = gS 5 
Lamna appendiculata, Ag. a ey - 3 ss 5 
Oxyrhina Mantelli, Ag. a = = 4 = 
Ptychodus sp. - et = = we we “e 

Cephalopoda. 

Actinocamax granulatus, Blazny. - - - - 4 a 
; 3 quadratus, Defr. a = = 4 is 
Ammonites leptophyllus, Sharpe - ae 2g - A et 
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Zones of H. planus 
and M. cortest. 


ro Zone of M. corang. 


w Marsupites zone. 


» Zone of A. quadratus. 


o Zone of B. mucronata. 


Belemnitella lanceolata, Schloth. ; 
me mucronata, Schloth. + 


Gasteropeda. 


Aporrhais stenoptera, Goldf. (?=Mantelli) - 
Dentalium sp. (? planicostatum) - = - + 
Pleurotomaria perspectiva, Mant. - - 
Solariella gemmata, Sow. (Turbo). - 


Lamellibranchiata. 


Inoceramus Brongniarti, Sow. - - + 
ar Cuvieri, Sow. - = 


RS involutus, Sow. - 


” Sp. = =i s 
Lima dutempleana, d’Orb. - 
ef. Galliennei, d’Orb. - - 

»  granosa, Goldf. 

»  Hoperi, Sow. - oe 
Ostrea hippopodium, WV7iss. - 
normaniana, d’Orb. - -~— - 

»  semiplana, Sow. . : 
»  vesicularis, Lam. - : - + 
»  wegmanniana, d’Orb. - - Z 
Pecten cretosus, Defr. (=nitidus, Mant.)  - 

», (Neithea) quinquecostatus, Sow. - 

Vlicatula Barroisi, Peron. - - 

» _ Sigillina, S.P.Woodw. - 
Spondylus dutempleanus, d’Orb. : 

5 latus, Sow. - - 

is spinosus, Sow. - - : 
Teredo amphisbzena, Goldf. - - 


Brachiopoda. 


Crania egnabergensis, Retz. 
»  parisiensis, Defr. 
Kingena lima, Defr. - 
Magas pumilus, Sow. - 
Rhynchonella Cuvieri, d'Orb. - 
limbata, Schloth - -  - 
lineolata, Phil. - 
plicatilis, Sow. - 
es reedensis, Hth. 
Terebratula biplicata? Sow. 
carnea, Sow. 

5 semiglobosa, Sow. - = 
Terebratulina gracilis, Schloth. (var.)- + 
striata, Wahl.- - 
ji Rowei, Kitchin 7 
Thecidium Wetherelli, Morris - 
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Zones of H. planus 
and M. cortest. 


me 


wo Zone of M. corang. 


ew Marsupites zone. 


» Zone of A. quadratus. 


eo Zone of B. mucronata. 


Bryozoa. 
Entalophora sp. - 
Escharina inelegans, Lonsd. - 
Idmonea cretacea, Edw. - - 
Multinodelea tuberosa, d’Orb. - 
Spiropora cenomana, "@Orb. 


Annelida 

Ditrupa difformis, Zam. - 
Serpula ampullacea, Sow. - 

»  fluctuata, Sow. 

iy granulata, Sow. 

» iium, Sow. - 

»  lumbricus, Defr. - 
macropus, Sow. 
» Plana, Woodw. - 
» plexus, Sow. - 
»  turbinella, Sov. 


Echinodermata. 
Bourgueticrinus ellipticus, Mller - 
Calliderma latum, Forbes - 
Cardiaster ananchytis, Leske - 
Cidaris clavigera, Kénig - 

»  hirudo, Sorig. - 

»  perornata, Forbes - - 

»  leracantha, Ag. - 

»  Ssceptrifera, Mant. 

»  Serrata, Desor 

»  serrifera, Forbes 

subvesiculosa, d’Orb.  - 
Cyphosoma elongatum, Cott. 
“3 corollare, Klein 
. Keenigi, ‘Mant. 
Pe radiatum, Sorig. - 
” sp. 
Echinocorys scutatus, Leske - - 
Galerites albogalerus, Leske. - 
5 subrotundus, Mant. 
Holaster placenta, Ag. 

5 planus, Mant. - - 
Marsupites testudinarius, Schloth. 
Micraster coranguinum, Leske 

5 corbovis ? Forbes - 


3 cortestudinarium, Goldf. 


$5 Leskei, Desm. 
aa Ne Rowe - 
Offaster pillula, Z <9 os 
Oreaster faibiteria, Haus - 
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Oreaster pistilliferus, Furdes 1 - - - = 
Pentacrinus Agassizi, Hag. 1 - 3 - = 
Salenia granulosa, Forbes 1 - = 4 - 
Uintacrinus sp. eS = 3 ce a 

Actinozoa. 
Axogaster cretacea, Lonsd. 1 2 a 5 
Caryophyllia cylindracea, Reuss - - 3 = - 
Cadloamitin laxa, A. & H. - - 4 5 
Parasmilia centralis, Want. 1 2 = 5 
Y Fittoni, £. & H. - - * 4 = 
Stephanophyllia Michelini, Lonsd. - = a 5 
Spongida, 

Cliona cretacea, Portl.- - — - 1 2 3 4 5S 
Coscinopora infundibuliformis, Gold//. 1 2 3 4 5 
Doryderma ramosum, Mant. - - - 4 - 
Gnettardia stellata, J/ich. 1 2 = 4 5 
Heterostinia obliqua, Benett. - 1 2 3 4 -{ 
Leptophragma Murchisoni, Goldf. - - = ~ 5 
Pharetrospongia Strahani, Solas 1 2 3 4 5 
Plinthosella compacta, Hinde - = - 4 = 
Plocoscyphia convoluta, 7’. Smith i 2 3 4 5 
Porosphera globularis, Phil. 1 2 3 4 5 
5 pileolus, Lam. 1 2 3 4 5 

$3 Woodwardi, Carter - 2 3 4 5 
Siphonia Keenigi, Mant. - 1 2 3 4 5 

Stichophyma tumidum, {inde 7 2 Zs = 

Ventamuiites convolutus, Hinde 2 = = = 
4 cribrosus, Phil. 1 2 - - 5 

5 decurrens, 7. Smith 1 2 3 4 5 

. impressus, 7’. Smath 1 - = - - 

3 mammillaris, 7. Smith 1 = = - - 

3 radiatus, Mant. 1 2 3 4 5 

Pe 
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CHAPTER IX. 


THE UPPER CHALK IN NORTH AND NORTH-WEST 
DORSET. 


In North Dorset the Upper Chalk forms a broad band, which 
eventually curves round the western end of the area occupied by 
the Eocene beds. On the northern side of this area the Chalk 
dips gently beneath the Eocenes, its broad and unbroken 
expanse presenting a great contrast to the narrow, disturbed, and 
faulted tract which has been described in South Dorset. 

The Upper Chalk of North Dorset is a continuation of that of 
Wiltshire, and the same zones can be recognised along the Stour 
valley between Stourpaine and Wimborne, as have been described 
near Salisbury. 

It is noteworthy that the Upper Chalk of Dorset is thicker 
than that of Sussex, of Hampshire, and even of the Salisburv 
district, and this appears to be due not to any increase in the 
thickness of the lower zones, but to the preservation of a greater 
portion of the highest zone beneath the Eocene. The following 
are approximate estimates of the thickness of the several zones, 
based on the differences of level at which sections in the same 
zone occur on the borders of the Stour valley :— 


Feet. 

Zone of Belemnitelia mucronata about 220 
» » Actinocamax quadratus - - - » -250 
» 9» Marsupites testudinarius - 150 
» » Micraster coranguinum - - 4% 250 

» » M. cortestudinarium and Holaster planus 3 80 
950 


That these estimates are not excessive is rendered probable 
by a comparison with the thicknesses given on p. 98 for South 
Dorset, and on p. 71 for South Wilts. 


1, Zones of Holaster planus and Micraster 
cortestudinarium, 


The Chalk Rock is shown in several quarries on the hills between 
Melbury and Stourpaine, its outcrop at the former place being 
730 feet above the sea, while near the latter it passes below the 
alluvium of the Stour. 

One of the best sections is in a quarry E.N.E. of Sutton Waldron, 
where about 7 feet of the rock are exposed without reaching its 
base. It consists of very hard nodules or lumps of compact lime- 
tone, embedded somewhat loosely in a softer matrix, the whole 
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forming a nodular mass without division into layers; a few 
pieces of light brown phosphate occur, but no green-coated nodules, 
and fossils are not abundant. At the top is a continuous seam of 
black flint overlain by rough nodular chalk with flints. The 
total thickness of the rock-beds appears to be about 12 feet, and 
judging from a section near Kast Compton, the lowest bed of the 
rock is about two feet thick, having a layer of green-coated 
nodules at the top, and passing down into less hard nodular chalk. 

In the railway cutting south of Stourpaine a somewhat different 
set of beds is exposed, and the thickness is greater, thus :— 


Feet. 
Loose nodular chalk with shaly layers and a layer of 
Chalk shaly chalk at the base - 10 
Rock Hard rough nodular rock 3 
Beds. Hard compact cream-coloured rock with a layer of 
green-coated nodules at top - 2 
Blocky greyish-white chalk, rising to the north and 
exposed for about - 20 
35 


The overlying beds are exposed in a quarry just north of the 
bridge over the railway ; they consist of hard and rough nodular 
chalk, greyish-white, with grey streaks and seams, and enclosing 
many scattered flints, which are solid and grey inside, with a 
white rind, which blends into the flint. This chalk seems to be 
well bedded, but crumbles into a rough irregular face ; it probably 
belongs to the zone of Micraster cortestudinarium, but the only 
fossil seen was Hchinocorys scutatus. Some of the nodular lumps 
were brownish insule, as if slightly phosphatic. 

Similar chalk is exposed in the next cutting on the railway 
to the southward, and here I found a good specimen of M. cortes- 
tudinarium. In the next cutting near Nutford the chalk is 
white and compact, containing large irregular flints of the 
cavernous or “ carious” type; some are grey inside, some brown, 
and others have a tinge of red, and many are full of sponge spicules. 

Beds which probably occupy a place intermediate between 
those in the two cuttings last mentioned are exposed in a pit by 
Whitecliff Mill, which is about 20 feet deep in whitish chalk 
rough and lumpy, with numerous flints, some small and imper- 
fectly silicified, others large and knobby, many of which are 
cavernous and spiculiferous. Fragments of a large and thick 
Inoceramus are common, but no other fossils were seen. 

West of the valley of the Stour the outcrop of the Chalk Rock 
has been traced by my colleague, Mr. Reid, along the escarpment 
of Okeford Hill, and thence southward to Bulbarrow and Hilton 
Down. It also crops out on the inner side of this ridge, and sur- 
rounds the irregular inliers of Middle and Lower Chalk by 
Turnworth, Houghton Winterborne, Hilton, and Milton Abbas. 
An old quarry at Clenston Farm (Winterborne valley) shows 
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about 20 feet of rough-bedded greyish-white rubbly chalk, with 
layers of solid black flints. I found Micraster cortestudinarwm 
here, and the chalk doubtless belongs to the zone characterised 
by that species. 

The country between Hilton and Cerne has been mapped by 
Mr. Reid, who found’ no difficulty in tracing the Chalk Rock by 
surface indications, but remarks that there are few good exposures 
of it. It is in this district that a hard and compact chalky 
limestone first shows itself in the beds above the Chalk Rock, 
and there appear to be sometimes two beds of this. Thus, at 
the south end of Piddletrenthide, above the school, Mr. Reid saw 
the following section in a challx-pit :— * 


Feet. 
Soft chalk with grey flints (thick rinds) 2 
Hard nodular crystalline chalk with casts of sponge spicules- 2 
Rubbly chalk with black flints having thick rinds 12 


A few feet higher another bed of very hard splintery limestone 
occurs, and forms a marked ledge across the road. 

In the Cerne valley the Chalk Rock first appears at Nether 
Cerne, where it is exposed in a small quarry east of the village. 
About 6 feet of hard nodular rock with yellowish stains, and a 
few scattered green-coated nodules pass down into softer chalk. 
I found here Echinocorys scutatus, Holaster planus, Terebratula 
semiglobosa, Terebratulina gracilis (var.), Inoceramus sp., G'uet- 
tardia stellata, Ventriculites impressus, and V. alcyonoides ? 

Near Oakham Close, in a combe on the west side of the valley, 
pathways cut in the steep slopes of the hills show the following 
succession :— 


Feet. 
White chalk with occasional layers of solid black flints- about 20 
White chalk without flints 12 
Grey glauconitic chalk with Holaster planus, Lerebratula 
semiglobosa and Rhynchonella reedensis 2 
Hard nodular chalk-rock with a bed of very hard compact 
limestone at the base - 10 or 11 


On Dickley Hill, west of Cerne, the same Chalk Boule; weathering 
into angular lumps, crops out in the roadway at about 590 feet. 
Higher up is, first, hard lumpy chalk, then chalk with solid flints, 
and at 630 feet a bed of very hard compact rock, with a splintery 
fracture, crosses the road.and forms a step in the gutter. 

Exactly the same succession is exposed on Eastfield Hill, east 
of Sydling, but here there does not seem to be more than 30 feet 
of chalk between them ‘The upper rock appears to be about 
2 feet thick. 

The same two hard beds have been noticed on the eastern side 
of the Frome valley, near Cattistock, and are exposed in the road- 
way up the hill south of Langeombe Bottom, south-east of Maiden 
Newton. Te 


* Geology of Dorchester, Mem. Geol. Survey, 1899, p. 12. 
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Near Cruxton, on the opposite side of the Frome, a roadway 
leading up to Hill Barn traverses the whole of the Middle Chalk. 
The lower part of this section has been given in Vol. ii. p. 427, and 
above the beds which are there described as forming the zone 
of Terebratulina the following ascending succession can be 
made out, the thicknesses being approximate only :— 


Feet. 
1 Compact Chalk-Rock, weathering yellow 13 
2 nodular Chalk with scattered flints in the upper two 
eet 7 6 
3 Bed of yellow chalk-rock, weathering brownish 1 
4 Very hard whitish chalk-rock, with glauconite, breaking into 
sharp angular lumps 14 


5 Whitish sandy (or shelly) chalk, soft but enclosing hard lumps 
and flints; Terebratula carnea, Rhynch. octoplicata, 
Afcraster and a broken Holaster 

6 Rough nodular chalk without flints. 


Above this the cutting is so shallow that no measurements 
could be taken, but there is some thickness of the nodular chalk 
without flints, and above it comes hard white massive chalk, 
and then a layer of hard compact yellowish rock, very like the 
upper Chalk Rock below ; but it isnot the same bed repeated by a 
fault, for the chalk above is hard, white, and nodular. After some 
10 or 12 feet of this the uppermost compact white limestone crops 
out, like that between Cerne and Sydling, with the same splintery 
fracture. Here it seems to be about 35 feet above the lower Chalk 
Rock, but as the section is throughout a shallow one, it is possible 
that the lower beds of Chalk Rock have slipped a little from their 
real position. 

Hard nodular buff-coloured chalk with Mvicraster cortestu- 
dinarium is exposed in a quarry south-west of Southover Farm, 
and is capped by a layer of tabular or continuous flint 9 inches 
thick. 


The Chalk Rock crops out again at Notton; and further south 
in an old pit between Notton and Throop the following section 
is seen in what is probably part of the M. cortestudinarium 
zone :— 


Bedded white chalk with flints 

Very hard nodular rock, yellowish, with casts of sponge 
spicules, passing into lumpy chalk with flints - 

Soft grey marly chalk from 6 inches to 

White compact chalk, passing down into nodular chalk - 

Hard chalk full of yellow coated nodules, passing down 
into bedded chalk with layers of flints 6 0 


In the iarge outlying tract which lies between the upper 
valley of the Frome and the head waters of the Axe, the Chalk 
Rock has only been seen in one place. This is in an old quarry, 
by the 700 feet contour line, on the western side of the main road, 
north of Toller Whelme, and near Hill Barn. The exposure 


Ft. 
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open in 1895 was small, but showed the following beds :— 


Feet. 

Traces of compact rock below the soil, in one place soft mealy 

chalk enclosing lumps of hard chalk and large solid flints, 

Holaster planus, Rhynchonella reedensis, Cyphosoma sp. 2 
Hard lumpy chalk full of green-coated nodules - 4 
Hard compact crystalline limestone, becoming lumpy in the 

lower part, no green nodules. Yerebratula carnea, Rhyn- 

chonella octoplicata, Septifer lineatus, and Ostrea 

normaniana = - -2or3 
Soft white mealy chalk below. 


The outcrop of the “ Rock” could probably be traced for a mile 
or two to the eastward, but westward it is soon overlapped by 
the Clay-with-flints, and is probably cut off by a fault, which runs 
up the Toller valley. 


2. Zone of Micraster coranguinum, 


This zone probably occupies a considerable tract of country 
along and east of the ridge of the main escarpment, for it is ex- 
posed in several chalk pits within a little distance of the main 
road from Blandford to Shaftesbury, as, for instance, in a pit 
14 miles east of Iwerne Minster, where the characteristic flints 
can be seen, %.¢., black flints with a band of milky white colour, 
at a little distance from the external surface. 


This zone comes down to the level of the river and the railway 
at Blandford. The lowest part of it is shown in the cuttings 
near Whitecliff Mill, the chalk containing many scattered 
flints of irregular shapes, black inside, with a very thin rind, and 
a layer of cavernous flints tinged with red. Further south in 
the cutting north of Blandford Station, firm white chalk, contain- 
ing layers of flints with an internal white band. Mvcraster 
coranguinum is fairly common here, 


Still further south, in the cutting west of St. Mary’s Church, 
there are flints without any rind, but black and solid through- 
out, but at the southern end a band of flints with white rinds 
comes in, and further south the flints have thick rinds, as usual 
at the top of the M. coranguimum zone. 

These upper beds with thick rind flints can be seen in chalk- 
pits on the higher ground both to the east and west of Bland- 
ford, as, for instance, in the Norton pit, about two miles west of 
that town, which is 20 feet deep in chalk, with numerous scat- 
tered flints of this kind, but fossils are scarce. 

A small pit near Normandy Farm, two miles W.S.W. of Bryan- 
ston, is interesting as again showing the chalk containing flints 
with milky-white bands, many of them with spongiferous hollows, 
and some stained pink or reddish. The chalk is rather tough, 
with some beds of more shelly chalk of a yellowish tint, which 
are full of fragments of Inoceramus-shell. I found a few fossils 


NORTH DORSET. 121 


here—Mcraster coranguinum, Ostrea lateralis, Rhynchonella sp., 
and a fish tooth. 


Zone of Marsupites. 


In this part of Dorset the Marsupites chalk is by no means a 
flintless chalk. It contains, on the contrary, an abundance of 
flints—scattered, and seldom in regular layers—having very thick 
white rinds, so that many of the smaller nodules seem to be nearly 
all white rind or crust. They are always solid, never cavernous. 

Chalk with such flints is exposed in the cuttings on the railway 
south of Littleton and west of Charlton Marshall, but a prolonged 
search in them only resulted in the discovery of one Marsupites 
plate. Marsupites are, however, common in the Thorncomhe pit 
about two miles west of Charlton ; the chalk in this quarry is of 
very even grain, brittle when dry, and splitting easily in straight 
planes in any direction. Flints are abundant as scattered nodules, 
but not in continuous layers, though a few may lie in line fora few 
yards ; they have very thick white rinds and are yellowish outside. 

Another quarry about a mile from this, and nearly a mile 
south-west of Down House, shows exactly the same kind of chalk, 
and plates of Marsupites are equally abundant, with small Echin- 
ocorys scutatus and stems of Bourgueticrinus. The difference of level 
between the two pits is about 200 feet, and there is no appreciable 
dip at either place. The general inclination is probably toward the 
south-east, but even allowing for this, the thickness of the zone 
would not seem to be less than 150 feet, unless a fault inter- 
venes ; the Uintacrinus band has not been discovered. 

Still further to the south-west, on Whatcombe Down, half a mile 
west of Charisworth House, is another quarry 12 to 14 feet deep in 
exactly the same chalk, from which I obtained Afarsupites-plates 
Bourgueticrinus ellipticus, Kingena lima, and a small thin-shelled 
Ostrea. 

The chalk of this zone evidently occupies a considerable surface 
area between the valleys of the Stour and the Winterborne south of 
Blandford Down House. 


Zone of Actinocamax quadratus. 


Along the line of railway the chalk of this zone is first seen in the 
cutting by the northern end of Spettisbury (south of St. John’s 
church). This is about 30 feet deep in homogeneous white chalk, 
splitting evenly in any direction ; flints occur in layers at distances 
of 2 to 4 feet apart, but are not, on the whole, more numerous than 
in the zone below; they have a thick white crust, which generally 
includes a band of chalcedonic flint. A short search for fossils 
yielded Actinocamaa granulatus, E'chinocorys scutatus, Spondylus 
latus, Sp. dutempleanus ? and Kingena lima. 

Near Spettisbury station is a chalk pit about 15 feet deep at a 
lower level, but in the same chalk. 
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In the cutting at the south end of Spettisbury, opposite Crau- 
ford House, there ig similar chalk, from which I obtained several 
broken Belemnites which appeared to belong to Bel. lanceolata, 
a species which is associated with Act. quadratus near Salisbury. 

On Whatcombe Down this zone comes in near Charisworth 
House, about 30 feet higher than the pit where Marsupites occur, 
for Mr. C. Reid informs me that he found Offaster pillula in a 
small pit 150 yards south-west of the house. 

On the eastern side of the Stour the zone of Act. quadratus 
might be expected to occur in the Tarrant valley, but so far as I 
could judge by a passing visit, the chalk there resembled that of the 
upper part of the M. coranguinum zone, and I found no traces 
either of Marsupites or of Belemnites. 

There is a pit at Tarrant Crauford, east of Abbey Farm, showing 
chalk with an irregular fracture and flints with a rind of moderate 
thickness ; the upper 15 feet contains scattered flints only, the lower 
10 feet has three layers of flints, as well as scattered nodules. The 
fossils found were Echinocorys scutatus, Terebratula carnea ? 
Rhynchonella (young), and Porosphera globularis. . 

At Tarrant Kingston is a pit in similar chalk, but the flints 
have thicker rinds. No fossils were seen. 


Zone of Belemnitella Mucronata. 


Along the line of rail this zone is first seen in a chalk pit by the 
bridge over the railway near Moorcourt Farm. The chalk is much 
decomposed and broken, flints are not numerous, but are black 
inside, without any rind, and resemble those of Shootend, near 
Salisbury. Terebratula carnea, Echimocorys scutatus, and Bel. 
mucronata were the only fossils found. 

There are better exposures on the other side of the river near 
Shapwick and Sturminster. A quarry east of Shapwick, on the 
road to New Barn Farm, shows about 20 feet of soft white chalk 
with a few scattered yellow-coated flints. Small ovate Echinocorys 
are common here, and J also found several Belemnitella mucronata, 
a Salenia granulosa, some small Ostrea and Porosphera globularis. 

East of Sturminster Marshall, and close to the bridge over the 
river, is a large quarry showing about 16 feet of soft white chalk 
without any flints, though unworn flints with thick rinds occur 
in the soil at the top. The dip is very slight, apparently to the east. 
Belemnitella mucronata is not uncommon, and I found also Kingena 
lima. The level of the floor of this quarry is 81 feet above O.D., 
and the hill known as Badbury Rings to the N.N.E. rises to over 
300 feet, hence there would appear to be at least 200 feet of chalk 
belonging to the zone of Bel. mucronata in this district. 

Professor Barrois found the higher beds of this zone exposed in a 
quarry at Highwood, and describes the chalk as very soft and 
divided into beds about two feet thick by marly seams stained yellow 
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by iron ; the flints are few, and have a thick rind. He also notes 
exposures at Broadford barrow and at Ashford, north of Wimborne. 

The chalk of this zone must occupy a broad tract of country out- 
side the boundary of the Eocene area between Wimborne and 
Piddletown, near Dorchester. There is a small exposure in its lower 
beds to the north of Almer on the northern side of Great Almer 
Wood, the flints being few and small, but fossils more abundant. 

It is seen again in a large pit south of Winterborne Kingston, 
which shows about 25 feet of soft white chalk with a few scattered 
yellow-coated flints, and one layer of flints about four feet from the 
base. This chalk is traversed by oblique and slightly curved planes 
of division, which cut up the mass into long lenticular layers, but 
are not planes of bedding. The flint layer shows a slight dip to the 
south-west. Belenvnitella mucronata was the only fossil seen. 

No careful zonal collecting of fossils from the Upper Chalk of 
northern Dorset has yet been accomplished. The late Mr. Shipp, 
of Blandford, collected largely from that neighbourhood, and I 
have availed myself of a printed catalogue of his collection in which 
many fossils are indicated as coming from Thorncombe (Marsupites 
zone). This collection is now in the Dorchester Museum. For the 
other zones, the species recorded in the following list were mostly 


collected by myself during my traverses of the county, and a few 
by Mr. C. Reid. 


FossILS FROM THE Upper CHALK oF NortTH AND West DORSET. 


The two lowest 
zones. 
Zone of Micr. 
coranguinum. 
Zone of 
Marsupites. 
Zone of Act. 
quadratus. 
Zone of Bel. 
mucronata, 


Pisces. 
Ptychodus polygyrus, Ag. = a 


Mollusca. 
Actinocamax granulatus, Blainv. 
Belemnitella mucronata, Schloth. 
5 lanceolata, Schloth. 
Inoceramus involutus, Sow. 
” Sp. 
Lima Hoperi, Sow. - 
Ostrea semiplana? Sow. 
»  canaliculata, Sow. 
5»  normaniana, d’Orb. 
»  vesicularis, Lam. - 
» 8p. (small) 
Pecten mantellianus, @’Or0. 
» (Neithea) quinquecostatus, Sow. 
Septifer lineatus, Gold. 
Spondylus dutempleanus, d’Orb. 
“3 latus, Sow. - 
am spinosus, Sow. 


at 
<2 
I 


Lie Pd REP DTP e TR 


alta 


wep ewei ttre tt tae tid 
wlpiwtrweili1eieRetieadld 


rut vet meee Rtispiiwi 


mw1oy be) tet op ae Eo 


124. THE CRETACEOUS ROCKS OF BRITAIN. 


The two 
lower zones. 


Zone of Micr. 
coranguinum. 


Zone of 
Marsupites. 


Zone of Act. 


quadratus. 


Zone of Bel. 
mucronata 


Brachiopoda. 

Kingena lima, Defr. - 
Rhynchonella limbata, Schloth. - 
5 octoplicata, Sow. - 
reedensis, Eth. - 

Terebratula carnea, Sow. - 
- semiglobosa, Sow. - 
Terebratulina striata, Wahl. - 
‘4 gracilis, Schloth. 


Echinodermata. 
Bourgueticrinus ellipticus, Miller 
Cidaris sceptrifera, Mant. - 
Cyphosoma Keenigi, Mant. - 


Sp. 
Echinocorys scutatus, ake - 
Epiaster gibbus, Lam. - - 
Galerites albogalerus, Leske - 
Holaster planus, Mant. - % 
Marsupites testudinarius, Schloth. - 
Micraster coranguinum, Leske 
cortestudinarium, Goldf. 
Leskei, Desm. - 
precursor, Rowe - - 
Offaster pillula, Lam. - 
Oreaster obtusus, Forbes 
Salenia granulosa, Forbes - 


” 
” 


Actinozoa. 
Parasmilia centralis, Mfant. - 


Spongida. 
Guettardia stellata, Mich. 
Porosphera globularis, Phil. 
Ventriculites alcyonoides ? 7. Smith 
5 impressus, 7’. Smith 


” sp. - = 
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CHAPTER X. 


THE UPPER CHALK IN SOMERSET AND DEVON. 
GENERAL DESCRIPTION. 


In these counties there are only a few small outliers of Upper 
Chalk, and these consist only of the lowest part of this division: 
the zones of Holaster planus and Micraster cortestudinarium. Two 
of these outliers are in Somerset, north of Chard, and the others 
are on the coast of Devon, one small tract lying between Lyme 
Regis and Rousdon, and two others at Beer, separated only by 
the valley in which that village lies. 


The coast sections are much more complete than those of the 
inland quarries which do not reach above the Chalk Rock. 


The zone of Holaster planus near Lyme is fairly well marked, 
setting in with a band of hard splintery rocky chalk which re- 
sembles the Chalk Rock of North Dorset and contains small frag- 
ments of brown phosphate of lime. It is overlain by lumpy and 
nodular chalk, and in the Pinhay cliffs this zone appears to be 
about 40 feet thick, but is reduced to 24 feet at Beer, where 
the rocky bed at the base is not more than 2 feet thick. Both 
near Lyme and at Beer a conspicuous layer. of large flints forms 
a convenient plane of division between this and the overlying zones. 


The zone of M. cortestudinarium also consists for the most 
part of rough lumpy chalk with one or more layers of hard yellowish 
rocky chalk. Micraster precursor with varieties approaching 
M. cortestudinarium occurs in some abundance, and some 50 feet 
of this chalk can be measured. In the lower part the flints are 
solid and mostly black inside, but higher up there are some 
cavernous flints. ‘ 


That the zones of M. coranguinum and Marsupites testu- 
dinarius originally extended over Devonshire is proved both by 
the flints and the flint fossils which are found in the gravels 
capping the higher plateaux. These include casts of Micraster 
coranguinum, of Galerites albogalerus, and of Marsupites-plates, 
and the flints are of three sorts, some cavernous with branching 
cavities enclosing remains of Doryderma ramosum ; some solid and 
translucent with a milky white band near the periphery, and 
thirdly flints which are solid and light grey throughout. 
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1. SomMrErser. 


The Chalk Rock was found at two localities north of Chard, 
(1) west of Wadeford, and (2) north-west of Combe St. Nicholas. 

The patches near Wadeford cap the higher parts of a triangular 
area of Middle Chalk let down by faults far below its normal 
level. There is no good exposure, but in an old pit south-west 
of Wadeford House fragments of the rock can be found. 

The other tract is an outlier on Combe Beacon Hill, the outcrop 
occurring at a height of about 740 feet. A chalk pit at the eastern 
end of the hill half a mile north of Combe St. Nicholas shows :— 


Feet. 

Clay with flints of irregular depth ~  - + 3-7 
Zone of H.fNodular chalky limestone separating into lumps 

planus. which are very hard (fossils) - - 3 

Middle Nodular chalk, less hard es - - about 3 

Chalk More massive chalk, but still rather nodular, _,, 3 

Talus partly concealing white blocky chalk ~ 


The fossils found were Solariella gemmata (cast), Spondylus 
spinosus, T'erebratula semaglobosa, Rhynchonella Cuvieri, Rh. 
reedensis, Terebratulina lata ?, Discoidea Dizoni, and a cast 
of a coral (Parasmilia). No green-coated nodules were seen, but 
the rock includes a few small bits of brown phosphate and 
greenish fragments. It is certainly comparable to the lowest rock- 
bed of north Dorset and the section shows its passage downward 
into the Terebratulina zone. 


2. THe Coast oF DEVON. 


West of Lyme Regis the zones of Holaster planus and Micraster 
cortestudinarium form the higher parts of Pinhay and Whitlands 
cliffs, but the bluffs in which they are most clearly exposed are 
rather difficult to reach. In 1895, I managed to examine and 
make rough measurements of the beds at two places in Pinhay 
cliff. The first of these was between the most eastern bluff, 
and the pathway leading to the top of the cliff a little farther 
west. Here the descending succession appeared to be as 
follows, but the beds had to be followed along an oblique line :— 


Feet. 
4. Firm white chalk, rather rough, with layers of black flints, 


Micraster sp., Hehinocorys scuttle, and Yerebratula 


semiglobosa—_- 20 
3. Hard rough nodular dhelle ith scattered flints weather 
ing to a very rough surface - about 36 


2. Hard nodular yellowish rocky chalk with small scattered 
pieces of brown phosphate and a few flints; Holaster 
planus common, with Spondylus spinosus, Parasmilia 
centralis, and a cast of Solariella gemmata 19-14 

1. Soft white chalk with some flints. 


About 70 
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No. 1 is the top of the Terebratulina zone. No. 2 is the 
equivalent of the Chalk Rock, the hard lumps are compact and 
yellowish, and the mass closely resembles the aspect of the Chalk 
Rock near Cerne and other localities in West Dorset. Part of 
No. 3 may also be referred to the zone of Holuster planus, but 
No. 4 must belong to the overlying zone, of which some 30 feet 
more come in above but are inaccessible. Here, therefore, there 
is certainly 100 feet of Upper Chalk. 8 

The other section examined was at a spot where it is possible 
to descend from the top of the cliff about 100 yards west of the 
gate to the pathway leading down from the summit. Here 
the following observations were made :— 


Feet. 
‘Clay with flints at top, - 
: | Soft white chalk with flints -7 10 
5 § Lumpy white chalk with layers of finite, Micraster 
Ss S cortestudinarium and Echinocorys scutatus -210 
-§ | Beds not clearly exposed - 220 
S'S | Hard yellowish rocky chalk (2 feet), passing down into 
32] soft chalk (1 foot) 3 
3 iS Lumpy chalk passing down into more massive chalk, 
S scattered flints 3 
\Hard lumpy chalk with scattered flints 6 


Hard yellowish rocky chalk without flints, Micraster 
precursor and large Terebratula carnea 7 
Rather hard lumpy chalk with many scattered flints- 34 

Soft chalk with-hard lumps and mavy flints, Holaster 

planus, Micraster Leskei, and 17':rebratula carnea, 

very lumpy at base 124 
Rougher and more rocky yellowish ch ull without flints 

in the lower part, Holaster planus oad other fossils 15 
Dinipy chalk, passing down into massive and softer chalk 

with scattered flints, Terebratulina gracilis, var. lata 

and Spondylus spinosus seen for 8 


Zone of H. planus, 
38 feet. 


About 98 


The lowest bed here seen belongs to the Terebratulina zone, 
the next 38 feet may be regarded as the zone of Holaster 
planus, and the upper 50 feet as part of the zone of Micraster 
cortestudinarium, but I did not recognise any definite plane 
of separation here. Typical specimens of Micraster Leskei are 
common in the zone of Hol. planus. 


A little farther west is Chapel Rock, a large mass of chalk which 
has slipped from the cliff and has left a bold bluff behind it. This 
bluff is between 120 and 130 feet high ; the lowest 15 or 20 feet 
belongs to the Terebratulina zone; then comes the yellowish 
nodular chalk of the Hol. planus zone (about 40 feet) surmounted 
by chalk with numerous layers of flints which includes a band of 
hard yellow rocky chalk about 8 feet from the top. 

IT was unable to examine the face of Chapel Rock or the 
cliff to the west of.it, but fortunately this has since been done 
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by Dr. A. W. Rowe, from whose account the following is con- 
densed’* At the foot of the main cliff west of the Chapel Rock 
and just above the talus he noticed a thin layer of marl, below 
which Ter. gracilis var. lata is abundant, associated with 
Micraster corbovis and some Holaster planus ; above the marl 
H. planus becomes commoner and is associated with M. Leskei 
and M. precursor, consequently the marl seam coincides with 
the zoological change from the zone of Terebratulina to that 
of Hol. planus. At 264 feet above the marl-seam he found a 
“strong ” layer of flints and 13 feet higher a thin continuous 
seam of flint (‘tabular band”). He found the fauna of the 
H, planus zone extending up to this flint-seam, but above it 
the Micrasters change, ‘‘ Mecraster corbovis, M. Lesket and 
Holaster planus die out and are replaced by Micraster precursor 
of the group-form associated with the zone of M. cortestudi- 
narvum. This thin tabular flint-band is therefore the dividing 
line between the zones of Holaster planus and Micraster 
cortestudinarvum.” 


Continuing upwards Dr. Rowe noticed two seams of mavl, 
one 4 feet and the other 8 feet above the flint-seam ; higher up 
are two bands of yellow nodular chalk and near the top a 
stronger band of hard yellow nodular rock. He did not measure 
these beds but estimates their total thickness at from 45 to 50 
feet, referring all this to the zone of M. cortestudinarium, while 
that of Hol. planus has a thickness of nearly 40 feet. 


The hard yellow rock is also seen at the top of Chapel Rock, 
the southern face of which presents a fine weathered section of 
the two zones ; on it the same guiding features can be traced, 
the lower 30 feet belonging to the zone of Hol. planus, and at 
the base of the mass 16 feet below the strong bed of flints are 
two other noticeable flint-layers. Dr. Rowe describes the chalk 
of the Hol. planus zone as consisting mainly of hard iron- 
stained nodular beds with not a few phosphatic and ylauconitic 
nodules scattered throughout; he found two examples of Sola- 
riella gemmata and one of Pleurotomaria perspectiva, but he 
will not admit that any of it can be called Chalk Rock. If the 
term ‘‘ Chalk Rock” is restricted to a special lithological type 
then we agree with him. but the hard fragments in the zone of 
H. planus at Pinhay have the characteristic structure of Chalk 
Rock under the microscope (see p. 303); they only differ from 
the typical aspect of the rock in not forming continuous beds 
of hard limestone with layers of green-coated nodules. 


The Chalk of Pinhay cliff dips to the eastward, so that the 
zone of Hol. planus rises westward and is not seen in the great 
cleft at the western end of the cliff, though it must only just 
escape coming into it, as shown in Plate II. of Dr. Rowe’s 


paper. 


* See Proc. Geol. Assoc., Vol. xviii. Part I. (1903), being the third part 
of Dr. Rowe’s Memoir on the “ White Chalk of the English Coast.” 
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Tn Whitlands cliff I could not find any trace of the Hol. planus 
zone, and if present it must be only just in the centre of the cliff 
below the gravel capping; nor is it again seen at any point 
between this and the month of the Axe. 


The next outlier of Upper Chalk is that which is truncated by 
the cliff on the northern side of Beer Harbour. The upper part 
of this cliff is known by the name of Annis’ Knob and the footpath 
from Beer to Seaton runs by it. (See Fig. 43.)* Although this 
bluff is not much over 50 feet high both the zones of Micraster 
cortestudinarium and of Holaster planus appear to come in, the 
latter being thinner than near Lyme. About the middle of the 
bluff is a conspicuous course of large black flints, and as Hol. 
planus is abundant below this flint band and was not found 
above it, I took it as a convenient line of separation between the 
two zones. My note of the succession here seen in 1894 is as 
follows :— 

Feet. 
Chalk with many layers of flints, some of them with 
hollow spaces; some hard nodular lumps in 
lower part, Mccraster cortestudinarium, Terebra- 


tula carnea, Porosphera globularis, and Inocera- 
mus 7 2 = : - - 10 


Hard rough nodular chalk with a yellowish rocky 
bed at the top containing fragments of brownish 
phosphate. Many flints, the whole weathering 
in rough layers. Micraster common - 10 


Hard rough nodular chalk with flints and a band of 
very hard yellowish rock atthe top. Echinocorys 
scutatus, Micraster, Rhynchonella reedensis, and 
a coral (? Parasmilia) - 7 


Zone of M. cortestudinariwm, 
29 feet 
we 


Soft greyish-white chalk without flints - - 1 
Conspicuous layer of black flints a 4 


Rough chalk with many scattered flints, and hard 
nodular lumps arranged in layers, Holaster planus, 
Micraster Leskei, M. cortestudinarium, Terebra- 
tula carnea, and Rhynchonella reedensis - 12 


Hard rough chalk with many scattered flints and 
some small bits of light brown phosphate, Holaster 
planus, Rhynchonella plicatilis, Terebratulina 
gracilis, var. lata? Terebratula carnea, and 
Cyphosoma radiatum 10 


Zone of Hol. planus, 
23 feet. 


Rough chalk full of very hard yellowish lumps and 
some light brown phosphates seenfor 1 


“* A front view of this bluff has been given in Vol. II. of this 
Memoir, p. 439. 
6821 I 
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On the east side of the bluff above the path there is a small fault 
with a downthrow to the east bringing in about 20 feet of the 
higher and less nodular chalk with cavernous fints.* 

The Upper Chalk is exposed again in the old quarries north- 
west of Beer (see vol. I. p. 446), where about 30 feet of hard 
nodular chalk come in above the bed which I take as the base 
of the zone of Holaster planus. 


The last outlier of Upper Chalk is that of Beer Head, and this is 
only accessible in two places. A conspicuous band of flints, 
which is probably that above mentioned, can be seen near the 
top of the cliff at the headland above Little Beach, and the beds 
of the M. cortestudinariwm zone can be reached from the clitf- 
top north of the headland, at a place where a slice has slipped 
down and left an exposed face. The section shows rough 
nodular chalk with some yellowish rocky beds, and from them 
Mr. Rhodes obtained some of the characteristic fossils, Micraster 
precursor and M. cortestudinarwum being fairly common. The 
other place is in the bluffs adjoining and above the path which 
leads down from the top of the cliff east of the Coastguard 
Station. Mr. J. Rhodes collected from these bluffs in 1894, 
and supplied me with the following note of the beds. 


Fee: 


Rough chalk with scattered flints and a layer of flints at 
the base, not accessible - 8 

B. Rough chalk with scattered flints and a a layer 
of flints at the base -  - 24 


Rough chalk with hard lumps and a few flints, Holaster 
planus found near top and also at base - - 16 

A.J Rough yellowish nodular chalk with scattered its of 

brown phosphate. Micraster corbovis, Hol. planus, 
Cyphosoma radiatum and Plewrotomaria sp. 2 


From the characters of the two lower bedsI judge them to 
belong to the zone of H. planus, of which there is probably 
more below.+ 


* Dr. Rowe has since collected from these beds, and states that the 
actual zoological passage from the zone of H. planus to that above occurs 
about 10 feet above the marked layer of flints ; if this is so, and if the 
lowest bed seen is not more than 2 feet thick, the thickness of the H. planus 
zone is here, in my opinion, about 34 feet. Dr. Rowe, however, places its 
base some 26 feet lower than I do, on the assumption that a certain marl- 
band, seen in the cliff but not accessible, i is the same as that which divides 
the zones at Pinhay. I have referred the beds above this marl-band at 
Beer to the Terebratulina zone. 


+ Dr. Rowe was unable to identify the zone of H. planus at this spot, 
and as he gives no description of the beds he did see above the path it is 
impossible to tell whether the exposure he mentions waa the same as that 
above noted. 
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The zone of Holaster planus rises westward from Beer Head, and 


finally crops out at the top of Hooken cliffs near the Coastguard 
Station. 


ae: 
STs 


Fic 43.—View of Annis Knob, South of Beer, showing the zones of 
//olaster planus (A) and Micraster cortestudinuriwm (B) ; the con- 
icine Tayer of flints (c). From a photograph by Mr. E. Good of 
Seaton. 


Tae Fount GraveL or THE Haitpon HItts. 


As stated on p. 125, evidence for the previous existence of 
still higher zones in Devonshire is furnished by the fossils foun 
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in the flints which form extensive tracts of gravel not only on 
the patches of Chalk near the coast, but also on the ridges and 


pene of Selbornian sands which stretch thence to the north- 
ward. 


The most westerly tract of such gravel is that which caps the 
Haldon Hills, south-west of Exeter. These gravels are in places 
as much as 20 feet deep, and are believed to be of Eocene age. 
The flints they contain are mostly of a very pale whitish-grey 
colour inside and many fossils have been obtained from them, 
collections of these being preserved in the Museums at Exeter 
and Torquay. The most interesting of these are plates of 
Marsupites testudinarius, the occurrence of which was recently 
recorded by me in a short note from which the following 
remarks are quoted :— 


“The [plates are] casts in pale grey flint, and it is somewhat 
remarkable that they show a strongly-marked arrangement of 
ridges corresponding with those on the more ornate varieties of 
M. testudinarivs. As the inner surface of all plates of 
Marsupites is smooth, I conclude that the plates embedded in 
flint were partially silicified, but even then it is not easy to 
understand the persistence of the ornament unless this is 
structual and not merely an external ribbing. . . . 


“So far as I can ascertain, no remains of Belemnites have been 
found in the Haldon flints. Prof. Clayden has kindly made 
enquiries for me at Exeter, and has searched through the collec- 
tion in the Albert Museum, but has not found any trace of 
Belemnites or of fossils characteristic of the zones of Actino- 
-camax quadratus or Belemnitella mucronata. ... . It should, 
however, be remembered that even if no fossils belonging to 
higher zones than that of Marsupites should ever be found on 
Haldon, their absence will not mean more than the absence of 
such zones within the area at the time when the Bagshot Beds 
were formed. It will not prove that the higher zones never 
extended into Devonshire, but simply that they were destroyed 
during the upheaval of the Chalk and before the formation of 
the Bagshot Beds. 


“ The occurrence of the plates of Marsupites does, however, 
enable us to form an estimate of the total thickness of Chalk 
which may have existed in the neighbourhood of what are now 
the Haldon Hill when the Bagshot gravels were being accumu- 
lated. The Lower Chalk would be represented by only a few 
feet of calcareous sandstone, as on the Devon coast, and may 
consequently be neglected ; the Middle Chalk is about 100 feet 
thick at Beer, and the mean thickness of the zone of Holaster 
planus in Devon is about 40 feet. To get an estimate of the 
thickness of the zones of Micraster cortestudinarium and M. 
coranguinum we must go to Dorset, where the mean of several 
measurements gives 80 feet for the former and 200 feet for the 
latter. Finally, the thickness of the zone of Marswpites was 
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found to be 111 feet near White Nothe, and Marsupites are 
only found in theupper 30 feet ; if this thickness was maintained 
to the westward, the total thickness of Chalk under erosion in 
Devonshire would be as follows :— 


Feet. 

Zone of Marsupites tessudinarius - 111 
53 Micraster coranguinum 200 

5 Mier, cortestudinariwm 80 

55 Holaster planus 40 
Middle Chalk = - 100 


“We may therefore safely assume that the Haldon gravels 
represent the riddlings of about 500 feet of Chalk. 


“The following is a list of the fossils obtained from the flints in 
the gravel on the summit of the Haldon Hills, and preserved in 
the Museums of Exeter and Torquay. For a list of those at 
Exeter I am indebted to the Curator, Mr. F. R. Rowley; these 
are indicated by the letter E, and those at Torquay by T. 


Inoceramus Brongniarti? Sow. 4, T. 
- mytiloides, Sow. &, T. 
es sp. (large and flattish.) T. 
Lima Hoperi, Sow. &, T. 
Pecten cretosus, Defr. . 
Septifer lineatus, Sow. 1. 
Spondylus spinosus, Sow. &, T. 
Rhynotonells Cuvieri, Orb. &, 7. 
5 limbata? Schloth. &. 
9 reedensis? Eth. E. 
5 plicatilis, Sow. 5, T. 
i » _ var. octoplicata, Sow. 5, T. 
Terebratula carnea, Sow. £, T. 
Cidaris clavigera, Kénzg (spines). E, T 
»  hirudo, Sorcy. (spine.) T. 
»  sceptrifera, Mant. (tests.) E, T. 
»  perornata, Forbes (spine). &, T. 
Cyphosoma Keenigi, Mant. &, T. 
Echinocorys scutatus, Leske. £, T. 
Galerites castanea, Grongn. T. 
rs albogalerus, Leske. , T. 
Marsupites testudinarius, Schloth. &, T. 
Metopaster Mantelli, Morles. &. 
Micraster coranguinum, Leske. &, T. 
es precursor ! Howe. T. 
cortestudinarium, Golf. T. 
Ophiura serrata, Roem. (cast of disc and arm.) &. 
Cliona cretac2a, Portl. &, T. 
Doryderma ramosum, J/ant. E. 


“This assemblage is probably derived mainly from the zone of 
Marsypites and M. corangwinum, but includes specimens from 
the zones of M. cortestudinariwm and Hol. planus and possibly 
from the Terebratulina zone.” 


FossILs FROM THE Upper CHALK OF THE Coast. 


Ths following list of fossils includes those found by Mr. Rhodes 
and by myself, and also incorporates a list kindly sent me by Dr. 
A. W. Rowe of the fossils obtained from these zones by himself 
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and Mr. Sherborn in 1898. The letter ¢ indicates that the species 
is common, f c=fairly common, and r=rare.— 


Zone of | Zone of 
H 


planus. | cortest. 


Ptychodus mammillaris, Ag. - - - r 
Nautilus cf. atlas, Whit. - - - r 
Pleurotomaria perspectiva, Mant. - r - 
Solariella gemmata, Sow. (cast) - r - 
Inoceramus Cuvieri, Sow. fe - 
a Brongniarti? Sow. - + r - 
i ” sp. - - = ‘ - r a 
Ostrea semiplana, Sow. > - r 
» vesicularis, Lam. -  - - r 
Plicatula Barroisi, Peron - r r 
Spondylus spinosus, Sow.  ~ - - fe c 
Crania egnabergensis, Retz. - ee r ~ 
Rhynchonella Cuvieri, d’Orb. - oe fe r 
= plicatilis, Sow. (large) -  - r r 
reedensis, Eth. - r r 
Terebratula carnea, Sow. - - = c 
‘ semiglobosa, Sow. fe 
Terebratulina gracilis, Schloth. Crat) - - - T - 
3 striata, Wahl. r fe 

r 


ee 
ie] 


Desmepora semicylindrica, Roem. 
Eschara Acis, @’Orb. - — - - 
Fasciculipora cretacea, d’Orb. - - 
Homeeosolen ramulosus, Lonsd. - = 
Melicertites (Clausa) globulosa, d’Orb. = 
Serpula ilium, Sow. - - fe {fc 
a plexus, Sow. = 
Bourgueticrinus ellipticus, Mzller - c 
Cardiaster pygmeeus, Forbes (large) - - - c 
Cidaris clavigera, Kénig oe : c 
»  sceptrifera, Mant. - 
»  serrifera, Forbes f 
» hirudo, Sorig. . - { 
Cyphosoma radiatum, Sorzg. - - f 
Echinocorys scutatus, var. gibbus, Zam. f 
Goniaster (ossicles)  - c G 
Holaster planus, Mant. c = 
i placenta, Ag. -| fe fe 
Micraster corbovis, Forbes = fe 
cortestudinarium, Goldf. 
‘5 Leskei, Desm. - Po ee, oie 
33 precursor, Rowe - 
Pentacrinus sp. - “ : S 
Salenia granulosa, Forbes - 
Parasmilia centralis, Mant. - 
Guettardia stellata, Afich. 
Plocoscyphia convoluta, 7’. Smith 
Porosphera globularis, Phil. 
Ventriculites decurrens, 7. Smith - 
impressus, 7’. Smith - : 


1, 
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CHAPTER XI. 
THE UPPER CHALK OF THE KENTISH COAST. 
Noticr oF Previous STuDIEs. 


The earliest description of the Upper Chalk as exposed in the 
cliffs of Kent is that by William Phillips in 1818*, republished 
in Conybeare and Phillips’ “Geology of England and Wales,” 
but this description only included the cliffs between Dover and 
Deal, not those of the Isle of Thanet. 

The structure of the Isle of Thanet was first explained by Mr. 
W. Whitaker in 1865 ;t when he showed that the beds are raised 
into a low anticline (or perhaps the half of a dome or pericline, 
the eastern part of which has been worn away by the sea). He 
also pointed out that “the comparatively flintless chalk of 
Margate is above the more flinty chalk of Broadstairs,” and that the 
latter forms the upper part of what Phillips had called “ the chalk 
with many flints.’’ 

In 1870 Mr. G. Dowker wrote a paper “‘ On the Chalk of Kent,’’t 
with a section showing the sub-divisions of the Kentish Chalk, 
as based on lithological differences; the Upper Chall of Kent 
being divided into three parts—(1) Margate Chalk, (2) Ramsgate 
Chalk, and (3) St. Margaret’s Chalk, the second including 
Whitaker’s “ Broadstairs Chalk,” and all the “chalk with many 
flints,” while the third comprised all the rough nodular chalk 
seen in the cliff at St. Margaret’s, near Dover. 

Mr. Whitaker’s “Geology of the London Basin” || embodies 
the information obtained by Phillips and himself with respect to 
the coast section, adding some fresh particulars. 

The Chalk of the Isle of Thanet was the subject of a careful 
examination by Mr. F. A. Bedwell in 1873,§ who specially studied 
the zone in which large Ammonites occur in the cliffs, giving 
a detailed diagram of the cliff section, a tabular measurement of 
the beds exposed, and important particulars of the continuity of 
certain layers of flint. 

The next contribution to our knowledge was from Professor 
E. Hébert,{ who described the whole of the chalk in the cliffs 


* Trans. Geol. Soc., Vol. v. p. 16. | 

t Quart. Journ. Geol. Soc., Vol. xxi. p. 395 (1865). is 

I Read before the Geol. Assoc. and published in Geol. Mag., Vol. vii. p. 466. 
|| Mem. Geol. Survey, Vol. iv. 1872. 

§ See Geol. Mag., Dec. 2, Vol. i. p. 16 (1874). : 

{7 Bull. Soc. Géol. France, Ser. 3, T. ii. p. 416 (1874)." 
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between Folkestone and St. Margaret’s, grouping the beds in zones 
according to the classification which he had adopted for the French 
Chalk, and finding a close correspondence between the zones on 
each side of the English Channel. 


This description was supplemented in 1876 by the publication 
of Dr. Ch. Barrois’ “ Recherches,’’* in which he added further 
particulars of the chalk at Walmer, Broadstairs, and Margate, 
and assigned the beds to four zones, namely :— 

1. Zone of Marsupites=Margate Chalk 

2. gene OL i. radial eregeiin=Cis™ of Broadstairs and Walmer. 
3. Gone of Micr. cortestudr 

A, Tone of Holaster ie iieriaiaag (OO of St Margarets. 

At that time he included the zone of M. cortestudinarium in the 
Senonian stage, and referred the zone of Hol. planus to the Turo- 


nian, but, as already explained, we shall include both in our Upper 
Chalk. 


Mr. W. Hill described the chalk which forms the zones of Hol. 
planus and M. cortestudinarium in 1886}, and compared these 
beds near Dover with the Chalk Rock beds of Oxfordshire and 
Buckinghamshire. 


Quite recently the whole of the coast section from Dover to 
Margate has been carefully studied and searched for fossils by Dr. 
A. W. Rowe, of Margate, his results being published in March, 
1900.t This memoir differs from its predecessors in being little 
occupied with lithological details, and in being essentially a study 
of the zonal divisions. The author adopts the zones established 
by Hébert and Barrois, and by more exhaustive collecting of the 
fossils he has determined the exact junctions of the several zones, 
or rather he indicates the beds within which one zonal fauna changes 
to another, and certain horizons which can be taken as bases for 
measurement of thickness. This paper, with its long and well 
identified list of fossils, showing their zonal distribution, is a 
valuable contribution to our knowledge. 


Mr. W. Hill also paid several visits to the coast near Dover during 
1897, 1898, and 1899, and on the last occasion he had the advantage 
of comparing notes with Dr. Rowe. The result is that we are able 
to make our description agree very closely with that published 
by Dr. Rowe, and at the same time to supplement it by more 
continuous particulars of the beds comprised in the lower zones. 


Fig. 44 shows the positions occupied by the lower zones of the 
Upper Chalk in the cliffs near Dover. 


* Recherches sur le Terrain Crétacé Supérieur de ]’Angleterre ct de 
l'Irelande. Mem. Soc. Géol. du Nord. 4to. Lille. 

+ Quart. Journ. Geol. Soc, Vol. xlii., p. 239. 

+ The Zones of the White Chalk of the English Coast: Part I., Kent 
and Sussex ; Proc. Geol. Assoc., Vol. xvi. p. 289. 
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STRATIGRAPHICAL DETAILS. 
Zone of Holaster planus. 


As already mentioned in the second volume of this Memoir, 
p. 372, what we take to be the base of this zone is a bed of chalk 
about four feet thick, full of flints, which at the top and bottom 
tend to become arranged in line, so as to form two layers. In this 
bed Holaster planus is fairly common. We take this bed as the base 
of our zone of Holaster planus, partly because that fossil is more 
abundant in and above it than it is below, but mainly because 
a bed in which flints are thickly scattered occurs at about the 
same horizon in the inland exposures along the North Downs, and 
serves as a guide in dividing this zone from that of Terebratulina. 
This flinty bed is not everywhere equally well developed, and 
may not be constant, but the marl band, which occurs 13 feet 
lower at Dover, is not persistent inland, and it is therefore much 
more convenient to take the former as the base of the Hol. planus 
zone. ; 

Based upon this flinty chalk, the following succession of beds 
can be seen in the cliff at Fan Hole, east of Dover :— 

; Ft. 


-. 
3 


7. Rough chalk consisting of hard lumps in a softer matrix, 


some scattered flints and many fossils - 2 6 
Layer of flints - - << e 0 4 
6. Smooth firm white chalk. - - 3 14 
A thin seam of marl 
5. Smooth firm white chalk. 14 
Layer of flints - 04 
4, Rough lumpy chalk with Hol. planus 2 0 
3. Seam of soft marl, forming a marked plane 0 2 
2. Rough lumpy chalk with Hol. planus 3 6 
1. Two layers of flints forming top and base of lumpy 
chalk with many scattered flints 4 0 
15 6 


It will be noticed that the beds between the two upper layers of 
flints present a curiously symmetrical arrangement ; this has been 
noticed by most observers, and is recorded both by Phillips and 
Hébert, and is shown in Fig. 45. Dr. Rowe takes the base of 
the zone at the central open seam of marl (3), but for reasons 
above given we prefer to take it at '74 feet lower. 

The succeeding beds can be examined along the course of the 
path which is known as Langdon Stairs. 

The rough chalk at the top of the section just given is the lowest 
part of a band of similar chalk which is about 17 feet thick. It 
consists of lumps or nodules of hard creamy yellow chalk arranged 
irregularly,-not in layers, but close together, so that they form the 
bulk of the mass ; while the interspaces are filled with a soft marly 
kind of chalk. Flints are scattered throughout. Micrasters 
especially M. Lesket (= breviporus) and M. precursor, are very 
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Fic. 45.—View of a 


the Terebratulina zone with that of Holaster planus. 


The numbers on the left side refer to the description given on p. 138. 


at the junction o 
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abundant in this chalk ; Holaster planus and Echinocorys scutatus 
are not uncommon, and Gasteropods of Chalk-rock species make 
their appearance in it. 

Above this is a well-defined bed consisting of lumps of hard, 
compact, cream-coloured chalk about a foot thick with a clearly 
marked upper surface. This is succeeded by whiter and less 
nodular, but still somewhat lumpy, chalk, in two courses, which 
are together 44 feet thick. Then comes a bed of hard, yellowish, 
nodular chalk, which weathers into knotty projections, and is about 
2 feet thick, followed by 6 feet of hard, yellowish, rocky chalk, 
rather rough and lumpy, but more solid than the beds below. 
Scattered flints occur in each of these beds, and show a tendency 
to arrangement in layers. 

We believe that the plane which we take as the top of the Hol. 
planus zone is the same as that taken by Dr. Rowe, but as we 
begin the zone 74 feet lower than he does we get a total thickness 
of 43% feet. 

The beds above described can be.easily identified in the detailed 
section published by Hébert in 1874; they correspond to his 
numbers 15 to 20 inclusive, to which he gives a combined thickness 
of 14°75 metres, equivalent to about 48 feet. The greater part 
of this, however, was referred by him to the upper part of his 
Inoc. labiatus zone, and he was doubtful whether even the beds 
18-20 belonged to the zone of Holaster planus. This latter zone 
he considered to be represented mainly by about 26 feet of the 
overlying chalk which we assign to the zone of Micraster cortes- 
tudinarium. It is evident that he was guided more by the 
presence of Holasters than by the Micrasters, but the fact serves 
to show how closely the two zones are related. 

Part of the zone of Hol. planus comes into the top of the 
cliffs west of Dover and in 1901 Dr. Rowe was able to obtain 
its characteristic fossils from the debris of a great fall from the 
top of Shakespeare’s Cliff in 1899.* The chalk contrasts with 
that of the Terebratulina zone in being of a greyish tint and 
full of flints. Judging from the characters of the Micrasters he 
found, Dr. Rowe thinks that this cliff includes the lower and 
central parts of the zone, but not the highest part. 


Zone of Micraster cortestudinarium. 


The whole of this zone can also be examined by continuing the 
-ascent of Langdon Stairs. 

Above the rocky chalk last mentioned there is softer chalk 
with a few scattered flints for 7 or 8 feet, this bringing us to an 
angle of the zigzag path; above this comes similar chalk ter- 
minating in a bed of hard yellowish nodular rock, the whole 
about 6 feet thick and overlain by a continuous seam of flint. 


* Proc. Geol. Assoc., Vol. xvii. p. 190 (1901). 
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Above this continuous or tabular layer of flint the beds become 
whiter, and, on the whole, softer and less nodular, but there still 
occur at intervals beds of hard rough lumpy chalk, such courses 
being generally from 12 to 18 inches thick. This kind of chalk 
continues for a thickness of about 60 feet, and contains many 
aaa flints, with a few (three or four) well-marked layers of 

ints. 


There is no very definite top to the zone, that is to say, there is 
no bed of marked lithological character at or near the passage 
from this zone to the next which might be regarded as its summit. 
We have simply taken the highest of the markedly rough and 
lumpy beds of chalk as the top of the zone. This is at a height of 
75 feet above the summit of the Hol. planus zone, and 8% feet 
below the seam of flint which Dr. Rowe calls the “coranguinum 
tabular.” 


This thickness does not agree with the measurements taken 
by Dr. Rowe in St. Margaret’s Bay, where this zoue comes down 
to the shore. At that place (Canterbury Hole), he found tke 
summit of the zone of M. cortestudinarium, coinciding with the 
highest yellowish nodular bed, to be 15 feet below the “coran- 
guinum tabular,” and 26 feet above the “cortestudinarium 
tabular ;” from which latter to the base of the zone only 30 feet 
intervened, thus making a total thickness of only 56 feet. 


If both his and our measurements are correct, it would appear 
that the zone has increased in thickness by 19 feet in passing 
from the one point to the other, a distance of about two miles. 
If, however, the zoological summit of the zone at Langdon Stairs 
should prove to be at the same distance below the coranguinum 
tabular as at Canterbury Hole, then the increase of thickness 
would be only 124 feet. 


Viewed as a whole the zone of M. cortestudinariwm may be 
described as consisting mainly of chalk which is greyish in 
colour with marly patches and veins, but at intervals occur bands 
of hard, nodular, yellowish chalk, which weather out in rough 
relief. “This cha ke says Dr. Rowe, “is very curious, as we have 
hard yellow nodular bands, from which fossils can hardly be 
extracted, and soft patches from which they can be removed 
with a pocket knife. The soft marly pockets are rich in Bryozoa 
and Foraminifera.” 


The flints of this zone are more or less scattered, and even 
where they tend to run into a layer, they are generally placed 
irregularly in a certain thickness of chalk. Many of them are 
cavernous, and sponge-remains are common. 


The prevalent fossils are Micrasters with deeply-subdivided or 
strongly inflated ambulacral groves, Holaste: placenta, and 
Echinocorys scutatus, var. gibbus. 
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‘The following measurements of the beds composing the zones 
of Holaster planus and M. cortestudinariwm at. Langdon Stairs 


were taken by Mr. Hillin 1898 :— 
Ft. 
/Firm white chalk with layers of flints, about - 30 
White chalk with scattered flints (to corner of Ist 
slope) - 12 
White chalk with seattered flints 8 
‘Thin layer of ssi ad flint (the “ coranguenum 
tabular ”) 
aie of rather rough lumpy chalk without 
nts - - 
Chalk with some flints at top and bottom 
Chalk with few flints - 
Chalk with hard lumps and no flints - 
White chalk, somewhat lumpy, with ened 
flints, to bottom of second slope 9 
White chalk in four beds, two mithout flints and 
two with scattered flints - - il 
Weak layer of tabular flint - - - - 0 
Chalk with scattered flints passing ‘down into 
lumpy chalk - 3 
Firm white chalk with dentiered flints and a 
fairly marked layer at thetop- - —- 
Rather rough lumpy chalk with flints - 
White chalk, rather lumpy but without flints - 
White chalk with scattered flints - - - 
Well marked bed of hard creamy lumps - 
Less lumpy chalk with scattered flints 
Hard rough yellowish lumpy chalk with ints 
Passing down to softer white chalk with a well 
marked layer of flints at base - - 
Smooth firm white chalk without flints - 
Hard rough lumpy chalk - -~ - - 
Layer of flints - - eee 
Chalk of irregular lanipy texture with some 
scattered flints in the middle - - 
Thin layer of tabular flint - - 
Rough chalk with yellowish limestone lumps, : 
ag into smoother chalk to bottom of 4th 
_ slope . 
Lumpy chalk with a few scattered flints -  - 
Rough lumpy yellowish chalk with some flints 
Whiter oun less lumpy chalk - 
More compact pelea chalk passing down into 
lumpy chalk 
Two beds of hard “yellowish challe with aMt. of 
_ whitish lumpy chalk between them. 
Rough lumpy chalk, more or less hidden by taius 1 
Smooth halle between two layers of flints - 
Rough lumpy chalk 
Seam of marl (Dr. Rowe’s be) 
Rough lumpy chalk 
Chalk with many flints (see p. 138) 


Zone of 
Micr. renee: 
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Zone of: 
Micraster cortestudinarium, about 75 feet. 
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It, will be noticed that in this section there are two thin con- 
tinuous layers of flint, and that neither of them corresponds 
exactly in position with that which Dr. Rowe has called “the 
cortestudinariwm tabular.” Dr. Rowe took the lower layer to 
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be this horizon, and says that he checked the measurements 
with those taken further east, but we doubt if they agree as 
closely as he supposed. 

If the above section be compared with that given by Professor 
Hébert it will be seen that it includes the beds which he numbered 
21 to 26,and probably also 27, which he describes as terminating 
in “a bed of hard chalk 1 metre thick.” The thickness of beds 
21 to 27 inclusive he makes about 73 feet. 

Dr. Rowe does not give a tabular view of the succession in 
St. Margaret’s Bay, but he mentions certain lithogical details 
and gives measurements between certain horizons, from which 
the following may be inferred as his view of the succession :— 


Feet. 
Strong tabular layer of flint = 
Chalk with flints (JZ. coranguinum zone) 15 
43 ¢Chalk with several well-marked yellow nostalae 
-w.3 | bands from 7 to 5 feet apart = - 26 
wo | Thin layer of tabular flint 2 = 
a ‘© ¢ Chalk with yellow nodular bands - ; 15 
# & | Marked layer of flint-nodules ~ 
NS z chal lt whiter and less nodular] 15 
S | Marked layer of flint-nodules = 
‘ Nodular chalk (no eset aon given) 16 
a ot | “Chalk Rock,” a series of nodular beds containing 
8 sx . brown phosphate nodules 9 
o Sos Nodular chalk 4 
8 See | Chalk with two ne hae of flints 53 


\ Open seam of marl 


Dr. Rowe terms a certain thickness of beds in the Hol. planus 
zone “the Chalk Rock,” and appears to have been under the 
impression that they had been previously so called, which is a 
mistake. We do not regard these particular beds as the exact 
equivalent of the Chalk Rock of the Midland Counties, though 
they may represent part of it. 


Zone of Micraster coranguinum. 


This is the chalk which William Phillips described as “‘ chalk 
with many flints and with few organic remains,” a brief description 
which is quite correct. The beds of flints are frequent, occurring 
at distances of from 18 to 36.inches, and being on the average less 
than two feet apart. Fossils are not abundant, and are absolutely 
rare in. the lower part. On this point we may quote Dr. Rowe’s 
remarks in his recent paper on the Kentish coast section, * “ Fossils 
are uniformly distributed through the upper three-fourths of this 
zone, being perhaps a trifle more abundant at the top than else- 
where ; but the base is eae always singularly barren in organic 
remains ’ 

The cliff at the north end of St. Margarets Bay consists entirely 
of this chalk, but it is not very easy to measure, and Hébert’s 


*Proc. Geol. Assoc., Vol. xvi. p. 303. 
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section is the only detailed account yet published (Op. cit. p. 425). 
Of this the following is a translation in descending order :— 


Feet. 
Chalk with flints - - = about 50 
Thick continuous band of flint. 
Soft. white chalk with flints in regular layers 98 
Chalk with numerous layers of flints and many fragments 
of Inoceramus. Micraster coranguinum found - 40+t050 
Dry homogeneous chalk without flints 3 


Soft white chalk with many flints and many scattered frag- 
ments of Inoceramus. Found Inoceramus involutus and 
a Micraster 10 
Soft chalk with scattered flints, a thick bed of flints at the 
top and an argillaceous layer near the base. J. coran- 


guinum ? and Holaster placenta 114 
Chalk with two thin continuous layers of flint 1 
Soft white chalk with some flints 64 

About 230 


Tn all probability the “ thick band of flint,” about 50 feet from. 
the top in this section, is the bed first described by Mr. Bedwell in 
1874 as the “columnar band.’’* This, he says, is like a mass of 
“irregular honeycomb,” and it is a foot or more thick, “ but its 
chief peculiarity is this, that from it at irregular intervals spring 
perpendicularly columns of flint, similar in constitution to itself, 
and extending to a height of a foot or a foot and a half.”” This 
bed he himself identified in Walmer cliffs, and its importance lies 
in the two facts, first of its persistence and second of its serving 
as a guide line to a layer of tabular flint which comes in about 
30 feet above it both in the Walmer cliffs and in those of the Isle of 
Thanet. 

This second marked layer of flint is known as the “ three-inch 
band,” a name given to it by Mr. Bedwell in the paper above men- 
tioned ; the existence of this layer was, however, first pointed out 
by Mr. Whitaker,t who also indicated its occurrence near the top 
of the Walmer cliffs, an observation confirmed by Mr. Bedwell, 
and more recently by Dr. Rowe. The importance of this bed 
ig that it is known to be just 21 feet below the base of the 
Marsupites zone. 

Dr. Rowe does not give any particulars or measurement of the 
zone ag seen in the cliffs between Dover and Kingsdown, except 
saying that these two flint bands can be traced all along the upper 
part of the cliff, and that the higher one (the 3 inch band) rises 
to the top of the cliff at St. Margarets Bay. Appended to the 
paper, however, is a section drawn to scale by Mr. C. D. Sherborn, 
and the thickness shown in this between the lines drawn for the 
base of the zone and the “ 3-inch band” is about 230 feet. Adding 
21 feet to this, we have a thickness of about 250 feet for that of the 


* Geol. Mag., Dec. 2, Vol. i. p. 19 (1874). 
+ Mem. Geol. Survey, Vol. iv. p. 31 (1872). 
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whole zone. We believe this to be correct, and that there was 
some little error in Hébert’s measurements near the base of the 
zone. 

The succession may probably be summarised as follows :— 


; Feet. 

Soft chalk with flints - - Q1 
Three-inch tabular band of flint - 
Soft chalk with flints - - - 30 
Strong tabular flint (Columnar Bed) - 
Soft chalk with layers of flints - 100 

Soft chalk with layers of flints and many fragments of 

Inoceramus shell - - - - 60 
Soft chalk with scattered flints - - 20 
Strong layer of tabular flint - - - 
Soft white chalk with scattered flints - - - - 15 
246 


Near Kingsdown the cliff passes into a grass-covered slope, and 
the chalk is concealed from view. ‘There are, however, several 
pits a little way inland, and one 8.W. of the Deal Waterworks 
1s worth notice because we have definite information for which 
we are indebted to Dr. Rowe who visited it in 1901. He writes, 
“The chalk is massive, with regular layers of black compact 
flints; we found Micraster coranguinum and the var. latior, 
Echinoconus conicus, Cidaris sceptrifera C. perornata, C. clavi- 
gera, the large dome-shaped Echinocorys, and Actinocamax 
verus, but no trace of Uintacrinus. I have no hesitation there- 
fore in referring this chalk to the zone of M. coranguinum.” 

Pegwell Bay coincides with a syncline occupied by Eocene 
Beds, but the Chalk rises again on the north side of the bay, 
and is exposed in the fine cliffs which border the eastern part of 
the Isle of Thanet. 

In Thanet the beds are bent into a broad and flattish anticline, as 
shown in Fig. 46, consisting of the upper part of the M.coranguinum 
zone (Ramsgate and Broadstairs chall), overlain by the Marsupites 
zone (Margate chalk). Mr. Whitaker has observed that although 
the chalk of the M. coranguinum zone occupies a large part of the 
_ cliff-section, it cannot take up much of the surface area inland, 

for the base of the Margate chalk is nowhere far above the summit 
level of the cliffs, and the land generally rises inland from the 
cliff-edge ; consequently the flinty chalk will only crop out along 
the bottoms of some of the valleys (see Mem. Geol. Survey, Vol. IV., 

. 35). 
‘ji The following brief account of the cliff section is based upon the 
descriptions given by Mr. Bedwell, Professor Barrois, and Dr. 
Rowe. 

The zone of M. coranguinum, with here and there a capping 
of the “Margate Chalk,” forms the cliffs all the way from 
Ramsgate to Kingsgate. The “three-inch layer” of flint is 
brought up into the cliff south of Ramsgate by a fault (see Fig. 46). 
A little further on it runs out to the top of the cliff, but comes 
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in again below Ramsgate, and can thence be traced all the way 
to Whiteness, though broken here and there by faults. Mr. 
Whitaker describes it as not “ strictly a tabular layer, but rather 
a continuous bed of nodular flint, as its surfaces are very uneven.”. 
According to Mr. Bedwell’s measurement, the “ three-inch 
layer ” is 21 feet below the yellow nodular bed at the base of the 
Margate chalk, and 31 feet lower is the thick bed of flint which 
he named the “ columnar band” ; while near Ramsgate a further 
depth of 43 feet of chalk comes in ; so that, adding these figures 
together, we have a thickness of 95 feet of the zone exposed in 
these cliffs. Dr. Rowe’s measurements confirm this estimate, 
for he says that the three-inch bed is 75 feet from the base of the 
cliff at Ramsgate, and, adding 21 feet to this, we have a total of 
96 feet. 

Mr. Bedwell states that the three-inch bed is well known to the 
local well-sinkers, who say that it occurs throughout the island, 
and has been proved as far west as Westgate. It must not be 
assumed, however, that this is the only layer of continuous flint in 
the higher part of the zone; several others are visible in the cliff, 
and layers of flint nodules occur with striking regularity, 
many of them forming floors of closely-packed nodules. 

The junction of the flinty chalk of the M. coranguinum zone 
with the almost flintless Marsupites zone is best seen at 
Kingsgate, where the following succession was measured by 
Professor Barrois :— 


Ft. in. 
White chalk without flints. 
Hard yellow nodular bed. 
Chalk without flints - = - 3.44 
Layer of large black flints-  - - -  - Oo 2 
Chalk with a few flints = - 6 8 
+ Layer of flints 
* Chalk oe ; - oe 3.4 
Layer of black flints, without white crust 
Chalk with a few scattered flints - 304 
Layer of flints : 
Chalk, slightly yellowish, with many fossils - 5 O 
“Three inch band,” a thick bed of tabular flint Oo 2 


3. Margate Chalk, or zone of Marsupites. 


The special mineralogical characters of this division of the Chalk 
have been well described by Mr. Whitaker as follows*:—“ The 
higher division, or, as it may fitly be called, the Margate Chalk, 
contains but a very few nodular flints, so that the bedding is not 
well shown; and (there are] sometimes thin layers of flint filling 
the narrow vertical openings of the even joints. These joints, 
which are very marked and constant in a direction about north- 


*Quart. Journ. Geol. Soc., Vol. xxi. p. 396, 1865. 
6821 K2 
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west and south-east, are the cause of the peculiar form of the clifis 
in many places near Margate, especially to the west, where there 
are parallel-sided inlets worn back from the shore, sometimes for 
some depth into the cliff, and here and there detached masses. 

“This division forms the whole of the cliff from the north- 
western corner of the island to White Ness on the north-east. 
Between the latter place and Foreness, a distance of about three- 
quarters of a mile, the face of the cliff is more or less along the 
joint-lines, [which are] here not quite vertical. 

“ At White Ness there is a yellowish nodular bed at the bottom 
of the cliff, which must be at or near the bottom of the Margate 
Chalk, although there is no marked division between this and the 
chalk below.”! 

This yellow nodular bed has been taken by subsequent writers 
as the base of the Marsupites zone. Mr. Bedwell states that for 52 
feet above it the chalk has no regular lines of flint nodules, only 
occasional flints here and there. At a certain height, which he 
estimates as 52 feet, above this base line there is a layer of flints, 
and he mentions two others in the chalk above, each at a 
distance of 10 feet from the one below it. 


Dr. A. W. Rowe has recently made an elaborate study of the 
Margate Chalk, and what follows is based on the account which 
he has published. To the layer of yellowish nodular chalk at the 
base of the zone he gives the name of “ Barrois’ sponge-bed,” and 
the layer of flints indicated by Mr. Bedwell he calls the “ Bedwell 
line,” because he finds it to be an horizon of stratigraphical im- 
portance. 


One of the most notable features of this chalk is the frequent 
occurrence of large specimens of Am. [Haploceras] leptophyllus, and 
Mr. Bedwell, who paid special attention to them, found no fewer 
than eighty-nine in situ between Kingsgate and Birchington. 
The majority of these lay in a band of chalk about 20 feet thick, 
commencing about 5 feet below his lowest flint layer, which he 
termed “the guiding line of flints.* According to Dr. Rowe, 
this line of flints is 68 feet above the base (not 52 feet, as stated 
by Mr. Bedwell), and he informs me that it is really the only horizon 
at which flints occur in line, and that even here the flints are often 
at a considerable distance apart. 


The importance of this “ Bedwell line” is that not only Am. 
| Hapl.] leptophyllus, but also Uintacrinus and Actinocamaz verus, 
do not range above it. The “ Bedwell line” of flints first comes 
in at the top of White Ness, which is 68 feet high; thence it 
gradually sinks westward to the shore-line at the sewer outfall near 
Foreness Point, where the height of the cliffs is 48 feet. Adding 
this to the 68 feet below the Bedwell line at White Ness, Dr. 
Rowe gets the amount of 116 feet for the exposed thickness of 
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‘the zone, and he has obtained Marsupites—plates from the top of 
Foreness cliff. 


From Foreness the “‘ Bedwell line ” rises again, till below Hodge’s 
Flagstaff, on Margate Parade, it is 30 feet up in the cliff, and at 
Fort Point it is 40 feet up. In the cliffs west of Margate it is again 
seen, at first low down, but gradually rising till, before coming to 
St. Mildred’s Bay, it reaches the top of the cliff. In the headland 
between that bay and Westgate Bay it is about 30 feet from the 
cliff-foot, and thence it gradually sinks till, at the west side of 
Gore-lind Bay, it is only 15 feet up, the cliffs there being only 
about 25 feet high. 


Dr. Rowe remarks that, as the flints are few, it is not always 
easy to follow the “ Bedwell line,” and in some places it is quite 
as easy to follow the line of the Ammonites themselves, as in this 
part of the coast they extend nearly up to the flint-line. In follow- 
ing the “‘ Bedwell line” a valuable aid will be found in a yellow 
sponge-bed, which occurs with considerable constancy 2 or 3 feet 
below it, and can be traced throughout the section. 


As to the distribution of the fossils, Marsupites and Actinocamaz 
Merceyi (=A granulatus) occur chiefly in the upper beds,but 
both have been found as low as 30 feet below the “‘ Bedwell line.” 
The pyramidal form of Echinocorys scutatus is abundant through- 
out, but especially just below the ‘‘ Bedwell line." Galerites 
albogalerus is abundant at and near the base of the zone, and is 
a rare fossil above the ‘“ Bedwell line.’ Dr. Rowe gives the 
following scheme of the zone and its principal characteristic 
ontological features :— 


Marsupites testudinarius. 


-| Terebratulina Rowet. f 
Band of Echinoconus conicus. 
Barrois, Sponge-bed VVVVVVVVVVVV 


3 Marsupites Actinocamaz Mercey: (=granulatus) 
3 Band, Echinocorys vulgaris (var. pyramidatus) 
Su: 48 feet exposed. Bourgueticrinus sp. nov. 

a 2 Terebratulina Rowet. 

3S |The Bedwell Line be, fady tate Heaney 

sa Band of Echinocorys pyramidatus. 

& Uintacrinus. 

S 3 Uintacrinus Actinocamax verus. 

ee Band, Ammonites leptophyllus. 

2 = thickness 68 feet. Bourgueticrinus sp. nov. 

8 

N 


Terebratulina Rowei is a new species described by Dr. Kitchin, 
and is said by Dr. Rowe to be characteristic of the zone, occurring 
all through it, and being very rare in any other. Uvintacrinus is 
another characteristic fossil, (see p. 20). 


The inland extension of the Marswpites zone has not yet been 
traced, but Dr. Rowe informs me that it occurs above the cliffs 
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N.E. of Dover. In a field S.S.W. of St. Nicholas Church at 
Ringwold, and on the contour line of 200 feet, he found a small 
exposure which yielded many plates of Uintacrimus and nipple- 
shaped heads of Bourgueticrinus. 

The occurance of the “ Margate Chalk,” with very few flints, 
in the cuttings on the London, Chatham and Dover line, between 
Sibertswold and Bekesbourn, was noted many years ago by 
Mr. Whitaker, who records a plate of Marswpites as found in 
one of them.* 


List oF FossiLs FROM THE UPPER CHALK OF THE KENTISH Coast, 


The following list is based on that recently published by Dr. 
A. W. Rowe in the paper to which reference has been made. Occur- 
rences recorded by him are indicated by a cross(x); those noted 
by others are indicated by letters, and the explanation of the letters 
is as follows :—B=Barrois in his “ Recherches sur le Terr. Crét. 
de l’Angleterre” (1876); D=Dowker, in Geological Magazine, 
Vol. vii. p. 472 (1870); H=W. Hill in Quart. Journ. Geol. Soc., 
Vol. xlii. p. 240 (1886)., 


ef 1 @8 |S.al <6 
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Reptilia. 
Leiodon sp. - ee - - = x 
Polyptychodon sp. - H = a 
Pisces. 
Anomceodus angustus, Ag. - P| = = x 
Belonostomus cinctus? Ag.- - -  - - = = x 
Beryx (? genus) - - - - - x x x x 
Cimolichthys lewesiensis, Lezdy - s = x x 
Corax affinis, Ag. - oe a 23 zs = 
», faleatus, Ag. -  - - - x x x x 
»» pristodontus, Ag. - + = = x x 
Enchodus lewesiensis, Mant. = x x x 
Lamna appendiculata, Ag. x x x x 
Macropoma Mantelli, Ag. = es x = 
Notidanus microdon, Ag. = = x x 
Oxyrhina Mantélli, Ag. - x x x x 
Portheus sp. - - - = at 2 x 
Protosphyreena ferox, Leidy a - eZ x 
Ptychodus mammillaris, Ag. - - x x a = 
» _ polygyrus, Ag. eos x x = | x 
Scapanorhynchus subulatus, Ag. 7 = x x 
Cephalopoda. 
Am. [Haploceras] leptophyllus, Sharpe - -| — = ee x 
he » J obscurus? Schliiter -| = - - B 
», [Placenticeras] obtectus, Sharpe H - = as 
5, [Pachydiscus] peramplus, Mant. -| x - a 
», [Acanthoceras] cf. Mantelli, Sov. -| H - = = 
Baculites bohemicus, Fratsch -| x = fs x 


* See Mem. Geol. Survey, vol. iv., p. 29 (1872), 
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Zone of 
Hol. planus. 
Zone of 

M. cortest. 
Zone of 
Marsupites. 


Heteroceras reussianum, d’Orb. x 

Scaphites Geinitzi, d’Orb. - 2 - <=] x - - 

Actinocamax granulatus, Blainv. - -J| - - - 

sy verus, Miller - ee 

Nautilus fleuriausianus, d’Orb.- - -~ - 
5 sublevigatus, d’Orbh.- - — - 


! 
{ 
[ww I 


xe 
| 
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Gasteropoda. 


Aporrhais Mantelli, Gard. - 
Avellana Humboldti? Miller - - 
Cerithium Saundersi, Woods - 
Dentalium turonense, Woods 
Hipponyx sp. - - - 
Natica vulgaris, Reuss - 2 
Pleurotomaria perspectiva, Mant. - 

- sp. rane) 
Solarium ? - - - - 
Trochus Schliiteri, Woods - 
Solariella gemmata, Sow. = Turbo) - oe 
Turbo sp. - - - 
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Lamellibranchiata. 


Avicula sp. - a 
Inoceramus Brongniarti, Sau 
3 Cuvieri, Sow. - - 
i involutus, Sow. - 
. lingua, Goldf. - 
aa mytiloides, Sow. 
‘5 undulatus 1? Mant. 


‘ 
1 

1 > bet 
its ee | 
ool en 


” Sp. 

Lima granosa, Goldf. - - 

»  Hoperi, Sow. 

»  Mantelli, Brongn. 
Ostrea alzformis, S. Woodw. 

»  acutirostris, Vilss. - 

»  canaliculata, Sow. - = 

»  curvirostris, Vilss. - 

»  hippopodium, Wilss) - - -~ - 

»  fhormaniana, d’Orb.  - 

»  semiplana, Sow. - 

;, vesicularis, Sow. -  - 

wegmanniana, d'Orb. - - 

Pecten campaniensis, d’Orb. 
cretosus, Defr. (=nitidus) 
»  pexatus, Woods. - ep 3 
undulatus, Wilss. - - 
(Neithea) eequicostatus ? d’Orb. - 
Dutemplei, d’Orb. 
quinquecostatus, Sow. - 
Plicatula Barroisi, Peron - - - 
sigillina, S. P. Woodw. - - - 
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Radiolites Mortoni, Mant. - - - - x 
Spondylus dutempleanus, d’Orb, -~ - - x x x 
PP latus, Sow. - -  - - x x x x 

33 serratus, Woods - - - = = = x 
spinosus, Sow. - oe x x) lax x 

Teredo amphisbena, Goldf. - x x x x 
Trapezium trapezoidalis, Ramer - - x - - - 

Brachiopoda. 

Crania egnabergensis, Retz. - - x x x x 
»  parisiensis, Defr. - se - x x x 
Kingena lima, Defr. a - - x x 
Magas pumilus, Sow. -  s  8  s - - - D 
Rhynchonella Cuvieri, d’Orb. - x x - - 
33 limbata, Schloth. - - x B x 

si plicatilis, Sow. Su, Oe x x B x 

53 oy var. octoplicata, Sow. x - - x 
reedensis, Eth. - = x x x x 

Terebratula carnea, Sow. - - x x x - 
a semiglobosa, Sow. - x x x x 
Terebratulina gracilis, Schloth. (var.) x x - - 
Fr Rowei, Kitchin - - - - x 
striata, Wahl. - - - x x x x 

Thecidium Wetherelli, Morris- - - - - x x 

Bryozoa. 
Alecto (Stomatopora) gracilis, Hdw. - - - - D 
Atagma papularium, Zonsd. - -— - - - D 
Desmepora semicylindrica, Lonsd. - H - - - 
Diastopora (Proboscina) ramosa, Edw. - - - D 
Marginaria Roemeri? Zonsd. - - - - - - D 
Pustulipora pustulosa, Lonsd.- - - H - - D 
Vincularia leda, d@’Ord. - H| - - - 
Crustacea. 
Enoploclytia Leachi, Mant. - - - x. x x x 
Pollicipes glaber, Roemer - — - - - - x x 
Scalpellum fossula, Darw. - - - x x x 
3 maximum, Sow. - - x x x x 
Crinoidea and Asteroidea. 

Antedon Lundgreni, Carp. - - - - - - 7 
Antedon perforata, Carp. - 2 - - - x 
$5 striata, Carp. - - - - x - x 
See as Miller - - - - 3 q 
- - - - x 

Marsupites igiansas Selita: - - - = x 
Mitraster Parkinsoni, Forbes - -- - 7 = x 2 
5 uncatus, Forbes - - = = = x 
Ophiura sp. - - - Pes a2 x x 
Oreaster Boysi, Forbes - - = = S D 
95 obtusus, Forbes - - - - = 7 = x 

es pistilliferus, Yorbes - - - 7 - = D 
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Zone of 
Hol. planus 
Zone of M. 
coranguinum. 
Zone of 
Marsupites. 


Peneermiis Sp. : a ee 
Uintacrinus westfalicus, Schbiiter 


Echinoidea. 
Cardiaster ananchytis, Goldf. - - - 
Cidaris clavigera, Kéntig - - - - 
» hirudo, Sorig.. - - - 
»  perornata, Forbes - eee 
»  sceptrifera, Mant. - - - - 
»  serrifera, Forbes - + 
Cyphosoma corollare, Kleen - - - — - 
45 Keenigi, Mant. - - - - 
” radiatum, Sorig. - - - 
9% spatuliferum, Forbes - - - 
Discoidea Dixoni, Forbes - - + 
Echinocorys scutatus, var. gibbus, Zam. - 
ra » var? - = 2 = 
». Var. pyramidatus - 
Epiaster gibbus, Tam. - - - - = 
Galerites albogalerus, Leske <> os 
»  globulus, Desor - - - 
Hemiaster minimus, Ag. -— = 8 
Holaster planus, Mant. - - - - - 
placenta, Ag. - - - = 
Infulaster (Hagenowia) rostratus, Forbes - 
Micraster coranguinum, Leske - ee 
3 corbovis, Forbes- - - + - 
5 cortestudinarium, Goldf. 
By cigs Leskei, Desm. - - — - - - 
” precursor, Rowe - =  » - 
Offaster pillula, Lam. - 8 ee 
Salenia geometrica, Ag. - ee 
» granulosa, Forbes - ete 
Zeuglopleurus Rowei, Greg. - - 


Annelida. 
Serpula ampullacea, Sow. - = - 
»  fluctuata, Sow. - + 
»  granulata, Sow. - - - - 
Serpula ilium, Sow. - es ye Ce 
»,  Mmacropus, Sow. - - - . oo 
» Plana, Woodw - - - = - 
» plexus, Sow. - 2+ 38 
»  turbinella, Sow. 
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Actinozoa. 
Axogaster cretacea, Lonsd. - - - - 
Caryophyllia cylindracea, Reuss - - - 
Coelosmilia laxa, Ed. and H. ss 
Epiphaxum auloporoides, Lonsd. - - - 
Parasmilia centralis, Mant. - - - 
* » var. gravesiana, Fa. and H. - 
fe Mantelli, Ed. and H. -— - 3 
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Zone of 
Hol. planus. 


Zone of M. 


cortest. 


Zone of M. 


eoranguinum. 


Zone of 
Marsupites. - 


Parasmilia cylindrica, Ed. and H. 
5 Fittoni, Ed. and H. - 
» granulata, Duncan - - 
Onchotrochus serpentinus, Duncan - - 
Stephanophyllia Michelini, Lonsd. 


Spongida. 
Camerospongia aperta, Hinde - 
campanulata, 7’. Smith 
subrotunda, Mant. -  - 
Cephalites Benettie, Mant. - - 

5 eatenifer, J. Smith - — - 

35 longitudinalis, T. Smith - 
Cliona cretacea, Portl. - - 
Coscinopora infundibuliformis, Gold. - 
Craticularia Fittoni, Mant. - - 
Doryderma ramosum, Mant. - 
Guettardia stellata, Mich. - se 
Heterostinia obliqua, Benetti. - - - 
Leptophragma Murchisoni, Goldf. 
Ophiraphidites anastomosans, Hinde - 
Pachinion scriptum, Roemer -, - 
Pharetrospongia Strahani, Sollas -  - 
Pholidocladia ramosa, Hinde - 
Placotrema cretaceum, Hinde - 
Plinthosella compacta, Hinde - 

¥ nodosa, Hinde - 

squamosa, Zztt. -. 
Plocosey phia convoluta, 7. Smith -  - 
labrosa, T. Smith -— - 
Polyblastidium racemosum, 7. Smith 
Porochonia simplex, 7. Smith - - - 
Porosphera globularis, Phil. - 
5 pileolus, Lam. - 25 
Woodwardi, Carter - 
Siphonia Keenigi, Manto &. =. = 
Steletta inclusa, Hinde . - - 
Stichophyma tumidum, Hinde-  - 
Toulminia sp. - - - 
Tremabolites perforatus, T. Smith -— - 
Ventriculites convolutus, Hinde - - 
9 cribrosus, Phil. - - - 
decurrens, 7’. Smith - = - 
i impressus, Z'. Smith 
infundibuliformis, JS. Woody 
mamuillaris, 7. Smith 
radiatus, Mant. - - 
Verrucoccelia tubulata, 7. Smith - — - 
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CHAPTER XII. 
THE UPPER CHALK IN THE WESTERN PART OF KENT. 


GENERAL REMARKS. 


The Chalk of Kent has not yet been re-examined by any member 
of the Geological Survey, and though Mr. Hill has traced the 
lower zones along the escarpment the only district where he has 
had an opportunity of examining the higher zones is that of 
Rochester and Chatham. 

The bed which we have taken as the base of the zone of Holaster 
planus, and therefore of the Upper Chalk, is one in which flints 
are thickly but irregularly scattered. Below it flints are scarce 
and above it they are frequent; moreover, Hchinocorys scutatus 
never occurs below this bed, but comes in very soon above it. It 
may not continue to be exactly on the horizon of the bed which 
we have taken as the base near Dover, and it is usually thinner, 
but it seems to represent that bed and also to be fairly persistent. 

Above it the chalk consists for the most part of hard compact 
and semi-crystalline lumps embedded in a softer mealy kind of 
chalk ; in weathered faces these hard lumps are conspicuous 
as knobby projections, and at irregular intervals there are beds 
of cream-coloured nodules or lumps of indurated chalk, and 
occasionally courses of hard compact limestone, much resembling 
the Chalk Rock of Midland counties. 

As in the coast section, the division into zones of Holaster planus 
and Micr. cortestudinarium is more imaginary than real, and in 
most places the one zone seems to pass into the other. Between 
them, however, they include all the rough lumpy chalk, and 

- near Chatham they seem to have a clearly marked upper limit 
in a bed of compact limestone, which serves, at any rate locally, 
to divide the zone of M. cortestudinariwm from that of M. coran- 
guinum. Fortunately the chalk quarries at Chatham have been 
well searched by Mr. W. Gamble, and from him we have been 
able to obtain a collection of fossils which must fairly represent 
the fauna of the WM. cortestudinarwm zone. 

The chalk of these two zones of Holaster planus and Micraster 
cortestudinariwm has a thickness of over 100 feet. 

With respect to the zones which are present in the western 
part of Kent no very certain evidence has hitherto been forth- 
coming. The larger number of the pits appear to be opened in 
the zone of Micraster coranguinum, and no plates of Marsupites 
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have yet been recorded from this part of the county. On the 
other hand, two Belemnites occur at Gravesend and Cliffe, 
namely, Actinocamaz granulatus and Act. verus, both of which 
are common in the Marsupites Chalk of Margate.* It is possible, 
therefore, that the zone of Marsupites is represented at these 
places, but Dr. Rowe is of opinion that the Chalk of Gravesend 
belongs to the zone of M. coranguinum. 


As to the thickness of Upper Chalk in West Kent there is no 
certain knowledge, but the total thickness of the Chalk has been 
determined by several borings, and from the records of them some 
idea of the thicknesses of the three divisions can be obtained. 
Two borings at Chatham Dockyard give a total thickness of 682 
to 689 feet for the Chalk,} and this is believed to include the full 
local thickness. The following details are recorded of the Chall 
in one of these borings :— 


Ft. in. 
be ad Soft chalk, with a layer of flints at bottom - 43 1 
Py 8.3 / Block chalk, with many layers of flints - - 80 3 
8 ) Hard rocky material, called “white flint” - 2 9 
Chalk with many layers of flints - - - 139 1 
o ,, , (Hard chalk (no particulars given), this probably 
yy es includes the zones of Zerebratulina and 
S808 Rhynch. Cuvieri ay at ss 234 10 
= 35 (Chalk and Chalk Marl - » = » 189 0 
689 0O 


This gives a thickness of 265 feet for the Upper Chalk near 
Chatham, but more chalk probably comes in to the north of 
that place. 


A boring at Crossness was made in 1877, and in the original 
account the thickness of Chalk is given as 631, with 65 feet of 
“Upper Greensand” below, but, as Mr. Whitaker remarks,} 
“ probably the greater part belongs to the Chalk Marl” ; consider- 
ing indeed the proved thickness of the Chalk at Chatham and the 
nature of the beds at the outcrop near Otford, it is probable that 
all but 5 or 6 feet belongs to the Chalk Marl, hence we may con- 
clude that the total thickness of the Chalk at Erith is about 690 
feet. No particulars respecting the successive beds of chalk 
traversed by this boring have been preserved, but in another 
boring made in 1875, at Belvidere, in Erith Marshes, and recorded 
by Mr. Whitaker (op. cit. p. 60), over 300 feet of chalk were pene- 


* Belemmtella mucronata has been quoted as occurring in the chalk of 
Gravesend and Northfleet, but Mr. Newton informs me that this is a 
mistake, the Nigiipeee being really Bel. lanceolata, which has a greater 
range than Bel. mucronata. 

+ Published by Mr. W. Whitaker in a paper ‘‘ On some borings in Kent,” 
Quart. Journ. Geol. Soc., Vol. xlii., p. 28 (1886). 

{ Geology of London, Vol. ii. p. 67, Mem. Geol. Survey (1889). * 


Prey 
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trated, and full particulars were supplied by Messrs. T. Docwra 
and Son. In a condensed form these may be stated as follows :— 


Ft. in. 
Base of Eocene at 1454 feet. 
Chalk with few flints - - - 61 6 
Chalk with many flints - ~ - - 2 + = 56 9 
Rock Chalk - - - = - 16 
Soft Chalk with many layers of flints - - - - 97 0 
Chalk rock (2.e., hard calk) - - - - - 16 
Chalk with flints - - - - - - - 17 9 
Grey marl - - - - - - 13° 
Chalk with flints - - - 8 32 3 
Alternating hard and soft beds, described as sandstone, 
grey marls, marly chalks and bluish rock-beds - 45 0 
314 6 


The lowest 45 feet may be part of the zone of Micraster 
cortestudinarium; the overlying chalk with flints must represent 
the zone of M. coranguinum (208 feet), and the uppermost 
614 feet is probably the same chalk as that which is exposed 
at Cliffe and Gravesend. 


In dealing with the stratigraphical details of the inland areas 
it will be convenient to take the Upper Chalk in two divisions, 
following first the beds below the M.coranguinum zone, and 
then those of and above that zone. 


STRATIGRAPHICAL DETAILS. 


A. Zones of Holaster planus and Micraster 
cortestudinarium. 


A good exposure of the basal beds of the Upper Chalk was 
seen in a quarry 300 yards west of St. Lawrence Church, God- 
mersham, the section being as follows :— 


Soil and rubble - 5 8 eee 2 0 
(Firm white chalk, weathering near the surface 
in thin platy pieces, containing three layers 
of flints, Hol. planus - - - - - 
A marked layer of large flints - 
Rather rough lumpy white chalk - - 
Bed of small scattered flints - 
Smooth firm chalk without flints - = - 
Hard white chalk with many scattered flints, 
at the base a marked bed of hard cream 
coloured nodules, rusty coloured exteriorly, 
Hol. planus, Micraster sp., Ter. carnea - 
Rough lumpy white chalk with a few flints 
A layer of cream coloured nodules - - = - 
Rough lumpy chalk with very few flints - = - 


me bo OO 
CODDO 


Zone of Holaster planus. 


ore Ap bo 
COan 
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& ,(A well marked marly layer - - 0 6 
= 3 A course of massive smooth white firm chalk 2 0 
= 8 g )A line of large flints - 1 0 

as Smooth firm white chalk with a few smallish 

flints - - - - seen for 6 O 
Total 37 9 


At the Warren Quarry, two-thirds of a mile N.N.W. of All 
Saints Church, Boughton Court, the section was as follows :— 
Ft. in. 
Soil 2.8 & = a 1 
Rough lumpy creamy yellow coloured chalk 


=| with scattered flints, 7. carnea, Rhynchonella 
§ sp. H. planus, Micraster sp. - - © 14 0 
"  "&| Course of smoother white chalk - - 16 
5 | Layer of flints - - 09 

% | Rough lumpy chalk, hard fame in a matrix 
3 of mealy chalk no flints 3 0 
= | Marl band 0 6 
‘6 | Rough lumpy chalk with a few seatiaved flints - 3 0 

© | Thin seam of marl 

8 Rough lumpy chalk with many flints especially 
N | in the lower 3 feet - 5 6 

«. % (Massive bedded, firm white chalk with a few 
os scattered flints - 9 0 
2.5 8(A marl band - - 06 

5 | Massive firm white chalk with a few small 
& scattered flints - - - seenfor 16 O 
Total 54 9 


Exposures of the chalk in the zone of Holaster planus occur in a 
quarry on the top of the Downs, one-third of a mile south-south- 
east of Cold Blows Farm, and in the upper part of the quarry, at 
Harp Farm, near Bosley. The base of this zone is possibly also seen 
in the top of the quarry at the Lower Bell Inn, but in 1896 this part 
of the face was not accessible. In the highest quarry near the main 
road, just beyond Kits Coty House, on Blue Bell Hill, the chalk 
exposed is probably the base of the zone of H. planus, while a small 
roadside pit, some 300 yards south of the Upper Bell Inn—Blue 
Bell Hill—must be in the zone of M. coritestudinarium, as a 
specimen of the typical form was obtained there. 


The Upper Chalk quarry of the Burham Brick and Lime Com- 
pany on Blue Bell Hill, gives a section of nearly the whole of the 
zones of Holaster planus and Terebratulina. The method of 
working, the insecurity of foothold, and the great height of the face 
of this and other quarries in the Medway Valley make it rather 
difficult to obtain an exact measurement, but as far as could be 
ascertained, the section was as follows in 1896. Doubtful 
points were checked again in 1897, and roughly compared 
again in 1898. The point at which the section was taken was 
not quite the highest in the quarry. 
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Ft. in. 


Very rough rubbly hard crystalline chalk, 
weathering at the surface in platy fragments ; 
some flints. Micraster corbowis, Hol. planus, 
Echinocorys scutatus about 2C 

Rough lumpy chalk, uneven texture, scattered 
flints, Echinocorys seutetus - - 16 

Layer of flints - 0) 

Massively bedded chalk, not aguits so rough as 
that above but few ‘scattered flints - - 5 

Layer of flints - - (¢) 

3 
0 
3 


e 


nae hard lumpy chalk i in one rate r massive 
e - - 
Layer of flints - 
Rather rough and lumpy ‘dik, Bak not so 
rough as that above. Micraster sp. -  - 
Rather rough hard chalk with many scattered 
flints, at some points along the face the flints 
seem arranged in two layers, one at top and one 
at the bottom of this course, at others they 
are thickly scattered through the bed - 8 0 
Firm smoother white chalk 4 0 
Firm white smooth chalk, with a bed of hardish 
iron stained lumps, about 10 feet down, 
a few scattered flints, and 3 or 4 indefinitely 
marked layers - - - 25-30 O 
Massive homogeneous’ white dhalic with 
occasional seams of soft marl from the lowest 
flint line to the floor of the quarry—measured 
\ in 1896 - . - - - 117 +O 


Oo Aa OOo 20 So 


Zone of Holaster planus, 52 feet.* 


Zone of 
Terebratulina. 


198 0 


Another large quarry called Bores Hole, on the eastern bank 
of the Medway, at Whorn’s Place, three-quarters of a mile south- 
west of Cuxton Station, exposes the upper part of the Middle 
Chalk. In 1896 the whole of the upper part of the quarry was 
inaccessible, but the perpendicular face enabled one to see the 
succession from -the upper part of the Terebratulina zone 
to the zone of Micraster cortestudinarium. The bed of flints 
at the base of the zone of Holaster planus was well seen, and the 
chalk above it presents a contrast to that below in the abundance 
of flints which occur, not only as scattered nodules, but in layers 
at short distances apart ; there are also one or two layers of tabular 
flint near the top of the quarry. 


In 1898 it was possible to measure a certain portion of the face 
from the top of the Terebratulina zone through that of Holaster 
planus, and this, in conjunction with the two quarries to be 


*A part of this is probably in the zone of M. cortestudinarium, but we 
are inclined to estimate the thickness of the zone of H. planus in this 
district as from 40 to 45 feet. 
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mentioned next, gives a section through the zones both of H. planus 
and M. cortestudinarium. It is as follows :— 


Ft. in. 
White chalk of rather irregular texture, some- 
what mealy to the touch, and the lumpy charac- 
ter not so evident as is frequently the case; 
layers of flints alternate with courses of the 
# chalk, each course being from lft. 6in. to 
2 2ft. 5in. Hol. planus and Ter. semiglobosa 16 0 
r | White chalk, texture irregular, lumpy - 1 6 
 |Layer of flint - - - - = 7 (0 4 
@ | White chalk in two courses - - - - 3 0 
= | A well marked layer of flints - 0 9 
= White chalk as before in two courses no flints 5 5 
A marly layer not well marked oO 2 
§ A massive course of white chalk, no flints - 2 6 
8 | Course of white chalk, separated from that 
= above by a thin weak layer of tabular flint 1 6 
«. | Layer of flints - - - 0 4 
5, | White chalk of irregular texture, lumpy, contain- 
B ing a few scattered flints - - 13 
N | Layer of flints - - 0 4 
A course of rather rough lumpy chalk with a few 
scattered flints - ee - 2 6 
Rough lumpy chalk with many scattered flints, 
inclined to a definite layer at top ‘- 2 0 
‘6 & . (Rough lumpy chalk in two courses, with but 
S38 J few flints - - - 5 0 
a 63 |" irm blocky chalk with three or four layers 
S&* | of flints in the upper part - - - -+50 O 


. From the lower ten feet of the zone of Hol. planus Mr: 
Rhodes obtained Holaster planus, Micraster Lesket, Cyphosoma 
radiatum, Rhynchonella plicatilis and a few other fossils. 


On the opposite side of the river and west of Borstal is another 
quarry called the Borstal Manor Pit; this is about 70 feet deep 
and shows a similar section through the upper part of the 
Terebratulina zone and the greater part of the Hol. planus 
zone. Mr. Gamble, of Chatham, collected fossils for me from the 
H. planus zone here in 1901, and the species obtained are included 
in the list on p. 168. He also obtained fossils from the trench 
round Borstal Fort. which seem to indicate’ the zone of WM. 
cortestudinarium at that spot. They include Micraster precursor, 
M. cortestudinarium, Salenia granulosa, Cidaris  clavigera, 
Echinocorys scutatus, Crania parisiensis, Lima Hoperi, and 
others. 


At Messrs. Booth’s quarry, a quarter of a mile north-east of 
Cuxton Station, the upper part of the section at; Bores Hole 
quarry is repeated. Wethink the quarry floor is just above 
the horizon of the base of the zone of Holaster planus. The fol- 
lowing measuremeht of the whole face of the quarry was taken 
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in 1896. The quarry was visited again in 1898, when the face wis 
seen to have been cut back considerably :— 


Line of tabular flint - = - 

White softish chalk with neattered flints - 

A well-marked bed of creamy yellow coloured 
lumps in softer matrix, the lumps iron-stained 
exteriorly - 1 

White chalk of dinegalline texture, bard andl lumpy 

L in some places, softer in others, with layers of 

flints and a few scattered - 10 

-A course of hard lumpy yellowish chalk lke 
that above 1 

Rather rough lumpy chalk with inte sentlened 
and in lines, no very well marked harder course 21 

A well-marked layer of flints - - 0) 

Two massive courses of chalk divided by a chin 
marl seam, a discontinuous layer of flint near 
the base, ‘Echinocorys scutatus - - - 

A. well-marked layer of flints - 

White lumpy chalk with scattered fints, more 
numerous near the base - 

Softish white chalk with scattered fins - 


Ft. 
(Softish white chalk - 6 
ie) 
7 


Zone of 
ee cortestudinarium, 
co oOo 6 ° owes 


Zone of 
Holaster planus. 


po Oo 
oo omen) 


About 62 0 


The upper beds are doubtless referable to what has been called 
the zone of Micraster cortestudinarium, but it is difficult to say 
how much should be assigned to it. Mr. Rhodes was sent to 
collect here, but could only obtain fossils from the beds between 16 
and 26 feet above the floor of the pit. These were Micraster 
Leskei, M. precursor, Holaster planus, and Ptychodus latissimus. 

The next quarry along the left bank of the Medway is Messrs. 
Martin and Earl’s, about a third of a mile north-eastward of the 
last ; most of the chalk here exposed belongs to the zone of MY. 
cortestudinarium. The description given below was taken in the 
spring of 1897. A few fossils were subsequently found here by 
Mr. Rhodes, and have been inserted :— 


Ft. in, 
Z £ White soft chalk with flints in beds or layers 22 0 
one or | A course of slightly harder chalk marked by iron 
Micraster stains * 1 0 
corangur- \ White soft chalk as layers “0 Hints Tordbratuls 
ee: carnea and Echinocorys scutatus - - 7 0 
S § ‘A bed of very hard creamy yellow coloured crys- 
3 = talline chalk, not nodular, but with green- 
88 coated nodules at the top, which was sharply 
Ss marked from the chalk above - 1 38 
3 8 White softish chalk with layers of flints - 5 
© § | A discontinuous bed of hard whitish but much 
8 § iron-stained chalk, Micraster precursor - 1 0 
6821 L 


162 THE CRETACEOUS ROCKS OF BRITAIN. 


Exceedingly rough lumpy chalk, lumps well Ft. in. 
defined, enclosed in soft mealy matrix; few 
scattered flints, J. Bicncur eat, Spondylus 
spinosus - 8 0 

White chalk of rethet integular texture lumpy, 
with layers of flints = 5 0 

Layer. of tabular flint 0 2 

Firm white chalk with layers of ‘Alints, uy 
lumpy, Holaster placenta, Micraster precursor 16 

A discontinuous bed of hardish lumpy chalk, 
much iron stained, E'chinocorys scutatus 

Layer of tabular flint - 

Firm white chalk with layers of flints 


Zone of Micraster 
cortestudinarvum. 


a4 


Another good section of the M. cortestudinarium zone is to he 
found in John Dunstall’s quarry, near the railway at Chalk 
Fill, Chatham. This was visited in 1899 : _ 


Ft. in. 
Soil and chalk rubble - - - - 60 
Soft white chalk, Micraster cortestudinarium and 
Echinocorys scutatus 4 0 
Hard rather lumpy yellowish cayatalline chalk, rubbly 
at top, inclined to be nodular, hardly a solid bed = 1 3 
Soft white chalk 6 
A layer of lumpy chalk, hard lumps, slightly iron stained, 
in soft mealy matrix - about 1,0 
White chalk, rather firmer, but wih layers of soft chalk ; : 
layers of black flints about 3 feet apart 30 0 
A well-marked layer of flint nodules - we 0 6 
Softish white chalk, Echinocorys scutatus - 3 6 
A marked layer of tabular flint, which dies away rapidly to 
the east and west 0 3 
White rather firm chalk with a few inte: more or ibaa 4 in °° 
layers, Echinocorys scutatus and Micraster preeursor - 5 6 
White chalk with many scattered flints (a flint bed) - - - 10 
White rather firm chalk, Mz erasers 38 6 
Bed of flints as before - - 1.0 
Chalk - - - 2 5 2 = f+ seenfor 3 O 
About. 63 0 


The Micrasters obtained here all belong to what Dr. Rowe 
calls the precursor group. Their ambulacra are distinctly 
divided and tubercular; they are certainly not true M. coran- 
guinum, and one obtained by Mr. Rhodes is a typical M. cortes- 
tudinarium. Mr. Gamble has also obtained Holaster placenta 
from the base of this quarry, and many. other fossils partly from 


this quarry and partly from that next mentioned. * (For a list 
of these, see p. 168.) 


*Mr. Gamble informs me that the view of this quarry given by Mr. Vine 
in his report on Cretaceous Polyzoa (Brit. Assoc. Rep., Sect.’C., 1892, p. 6) 


: co as it includes details taken from this and the pits on Chatham 
i 


. 
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On the southern side of Chatham Hill, near the hamlet of Luton, 
are three quarries, all of which give good sections of what we regard 
as the junction of the M. cortestudinariwum and the M. coran- 
guinum zones. The following are particulars of the beds seen in 
the middle quarry (disused i in 1899), from which Mr. Gamble 
has obtained many fossils :— 


Ft. in. 
. § (Soft white chalk with flints, here inaccessible 35 0 
3 = | Soft blocky chalk with a few scattered flints- - 5 0 
‘S's / Layer of large flints - O 6 
2 > | Firmer white chalk with a few scattered flints 5 0 
Fl g Rough lumpy chalk, consisting of hard lumps in 
~“3 a softer matrix - 1 1 
(C. Very hard compact yellowish limestone, rough 
at top and perforated with tubular hollows, 
: no marked base - -~ - 1 3 
§ Nodular chalk, hard lumps in a softer matrix, 
te a layer of flints about 2 feet down 3.0 
3 Rather soft white chalk with some flints - 3 9 
3 Layer of large flints, greyish-black inside 0 4 
3 Soft white chalk with layers of small flints 4 6 
a Rough white lumpy chalk - 3.0 
§ | B. Bed of yellowish nodular chalk with softer 
: chalk between the nodules- — - 10 
= Soft white chalk with two erked layers of 
| flints - 8 6 
eo | A. Bed of hard yellowish nodules in a softer 
8 matrix- - 1 0 
N Rough lumpy chalk 1 3 
Bed of nodules (paler yellow) in soft matrix 1 0 
L Softer white chalk with layers of flints 18 0 
About 93 0 


We are inclined to take the highest limestone bed as the top 
of the M. cortestudinariwm zone, because it seems to be the 
highest hard bed in the district, and because the chalk below 
has many nodular beds, which contain Micrasters of the precursor 
group, and of the type characteristic of the M. cortestudinarium 
zone, one identifiable as M. cortestudinarium being obtained just 
below the limestone. The bed of yellow nodular chalk marked 
A is similar to that near the top of Dunstall’s pit, so that 
these two quarries may give a continuous succession. We can- 
not, however,:-be sure that the bed C is the same as that taken 
at the top of the zone in Martin and Farl”s quarry. We are 
inclined to put the thickness of the zone of M. cortestudinarium 
as from 75 to 80 feet. 


Another quarry, about 300 yards to the west of the above 
section, shows the yellowish limestone about 10 feet above the 
floor, and above this about 60 feet of the M. coranguinum zone. 


The three conspicuous layers of yellow nodular chalk are visible 
in the road-cutting up Chatham Hill. 
6821 — 


4 
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Professor Hughes has recorded a section in the cliff on the north- 
east bank of the Medway in Limehouse Reach, which evidently 
includes one of these hard beds* ; not having seen this exposure 
we cannot say which of the three, but should suppose it to be 
the highest. The following is the figure and description given 
by Professor Hughes :~ 


Fic. 47.—Section in Limehouse Reach, Rochester. 


Ft. in, 
A. Surface soil - .- 5 = 2 2 + 8 0 
B. Discoloured chalk Patbled Sr - - 26 
C. Thin bedded chalk with afew flints - 26 

D. More compact thin-bedded chalk, the midale thickly 
but irregularly set with flints - 3 0 

E. Hard chalk, weathering into knobs and containing 
many fossils, sharply divided from the bed below - 1 3 

F, Chalk like that above, but passing down into more 


thickly bedded and jointed chalk with few flints- 2 0 


The beds are displaced by two small faults (x x.) with a throw 
of about a foot. The hard bed may also correspond with that 
seen in Martin and Earl’s pit in Wickham Reach. 


Zones of Micraster coranguinum and ? Marsupites. 


The fine quarries on Chatham Hill show from 50 to 60 feet of 
chalk above the layer of compact yellow limestone; this chalk is 
soft and contains many layers of flints, including one conspicuous 
layer of large flints. The Micrasters which occur are like those 
which occur in the lower part of this zone on the coast. 

A quarry at Gadshill, half a mile east of Gillingham church, 
is about 70 feet deep in soft chalk with many layers of flints, evi- 
dently belonging to the same zone. 

The large quarry east of Stroud, and known as Frindsbury Lime- 
works is probably 100 feet deep, and is cut entirely in the M. 
coranguimum zone, showing soft, featureless white chalk with 
many layers of flints. From the lower 14 feet of this Mr. Rhodes 


* In Vol. iv. of the Memoirs of the Geol. Survey, p. 28 (1872). 


WESTERN PART OF KENT. 165 


obtained some fossils, identified by Messrs. Newton and Kitchin as 
follows, and three marked (} were obtained by Mr. Gamble :— 


Ptychodus rugosus, Eg. Bourgueticrinus ellipticus, Miller 

Inoceramus (fragment). Cidaris hirudo ? Sorig. 

@ , Brongniarti, Sow. . clavigera, Konig 

Terebratula semiglobosa, Sow. (GG) , sceptrifera, Mant. 
a sp. (? new). Echinocorys scutatus, Leske 

Rhynchonella limbata, Schloth. | Micraster coranguinum, Leske 

Onchotrochus serpentinus, Dunc.| (G) _,, preecursor, Howe 


Mr. G. E. Dibley records a specimen of Actinocamax grunu-. 
latus with Galerites albogalerus and other fossils from this quarry. 


North-east of this and close to the cement works at Whitewall 
Creek, there is the weathered face of an old quarry which seems to 
show the highest beds of the M. coranguinum_ zone. The chalk is 
soft and white, with many layers of flints, and some scattered 
nodules ; fossils occur in some abundance, and Mr. Hill in a short 
time collected Micraster coranguinum (high-zonal type), Galerites 
albogalerus, Gal. globulus ? and many spines of Cidaris sceptrifera. 
In the rubble at the top of the cliff face he found some lumps of 
yellow chalk like those in the quarry mentioned below. Mr. Rhodes, 
subsequently collecting here, added the following species: Echa- 
nocorys scutatus, Inoceramus, Terebratula semiglobosa, and Serpula 
granulata. 


In a quarry about a mile N.W. of Frindsbury Mr. Hill saw a 
bed containing lumps of indurated chalk with a yellowish 
coating which impressed him as resembling the bed occurring at 
the base of the Marsupites zone near Margate, a section which he 
had just previously examined.. Such yellow-coated lumps are not 
known at any other horizon in the Upper Chalk of Kent, but 
there is no reason why they should not occur at other horizons, 
and it would not be safe to assume that the actual junction of 
the two zones is exposed in this quarry merely from the occur- 
rence of a similar nodule-bed. 


The quarry is at the point where Stone House Lane enters the 
main road,and the succession seen in it by Mr. Hill was as follows :— 


Feet. 

Soil and broken chalk - - - - - - 4 
Rather firm chalk of a yellowish tint with here and there a 

large flint, and at the base many lumps or large nodules of 

hard chalk with a yellowish crust - - es 4} 
Firm white chalk with Galerites globulus, Hchinocorys 

scutatus, etc. - - = 5 - 3 
Softer white chalk with scattered flints - ae 4 
Soft white chalk with very few flints (Micraster coranguinum) 11 
A marked layer of flints - - 
Chalk with layers of flints - - - - seen for 6 to 8 


About 34 
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The upper part of this zone is probably exposed in the railway 
cutting at Higham, of which a sketch has been given by Mr. 
Whitaker,f and is reproduced in Fig. 48. 


Fic. 48.—Section in the cutting at Higham Station. 


1. Spoil heap from the railway tunnel. 

2, 3, 4. Drift deposits and reconstructed Eocene. 

5. Layer of flints forming base of the Thanet Sand. 
6. Disintegrated and rubbly chalk. 

7. Chalk with a few large flints scattered through it. 


The beds dip to the north-west at angles increasing from 2° to 6°. 


North-east of Higham there is an inlying area of chalk which 
extends to the village of Cliffe, and in this one would expect to 
find traces of the zone of Marsupites. The quarries at Cliffe have 
been recently visited by Mr. G. E. Dibley, who describes the chalk 
seen as soft and friable, with some layers of flints, and exposed 
for about 70 feet. He did not find either Uintacrinus or Marsupites, 
but says “the carinated form of Micraster coranguinum, also 
Echinoconus conicus, Cyphosoma Keenigi, Actinocamaz verus, and 
A. Merceyi (=granulatus) are common, and A. westfalicus has been 
obtained.”’ * 


Chalk which probably belongs to the same horizon has 
been worked for many years by Gravesend, Northfleet and Green- 
hithe, from 30 to 40 feet being quarried beneath the Thanet Sand. 
Here also there are occasional layers of flints and a continuous seam 
of flint. Mr. G. E. Dibley has published a note on the chalk in Messrs. 
Fletcher and Co.’s quarry,{ and states that both Actinocamaz 
verus and A. granulatus are found there, but that no plates of 
Marsupites have yet been discovered. The fossils mentioned by 
Mr. Dibley are included in the list on p. 168. 


* See Proc. Geol. Assoc. Vol. xvi., p. 488. 
+ Geology of London, Vol. i., p. 121, Mem. Geol. Survey (1889). 
t Proc. Geol. Assoc., Vol. xv. p. 463 (1898), and Vol. xvi. p. 489, 
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It is probably the same chalk on which the Eocene rests at 
Erith and Crayford, a layer of continuous flint occurring at both 
places about 12 or 15 feet from the top of the chalk, see Whitaker 
(Op. cit., p. 113). 


We have no information respecting the exposures of Upper 
Chalk between the valleys of the Medway and the Darent, but the 
zone of Micraster coranguinum must occupy some breadth of 
country to the south of the railway from Stroud to St. Mary Cray. 


Mr. Whitaker* has described the chalk-pits at and near 
Chiselhurst. One in the middle of Camden Park formerly showed 
as much as 20 feet of chalk, and was worked by means of galleries 
driven in beneath a bed of hard chalk which served as a roof-bed ; 
and an old note by Dr. Mitchell states that the chalk was worked 
down to another hard bed which formed a floor about 20 feet from 
the top of the chalk. In another pit west of Chiselhurst church 
Mr. Whitaker found the same hard beds, and he notes also that the 
chalk has layers of very large flints, sometimes as much as 18 inches 
thick, and one of these layers being close to the top. All this is 
suggestive of the chalk here belonging to the zone of M. coran- 
guinum. 


S.E. Fault. 
ae ‘ N.W. 


Scale, 80 feet to an inch. 


Fic. 49.—Cutting near St. John’s Railway Station, near Lewisham. 
(W. Whitaker). (Scale, 80 feet to an inch.) 
a = Soil. b,c == River Drift. d = Thanet Sand. c = Chalk. 


The zone M. coranguinum is also exposed in a quarry about a 
mile south of Keston, where Mr. Dibley has obtained that 
species and its variety latior, with Epiaster gibbus, Galerites 
albogalerus, Cyphosoma corollare, Cidaris sceptrifera and other 
fossils. 

At Lewisham (Loam Pit Hill) the chalk was formerly worked to 
a depth of 40 feet, and Mr. Whitaker remarks that there were eight 
layers of flints, the third from the top being a continuous seam 
(Op. cit., p. 154). The cutting on the North Kent line just north 
of St. J ohn’s Station passes through a faulted junction of the. 
Chalk with the Thanet Beds (see Fig. 49), and Mr. Whitaker (op. 
cit., p. 114) notes that the chalk has flints in layers, three of which 
are ‘well marked. 


* Geology of London, Mem. Geol. Survey, 1889, p. 115. 
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List or Fossins From THe Upper CHatk or West KENT, 


This list has been drawn up from the following sources :— 

First, the collections of the Geological Survey at Jermyn 
Street, and small collections made by Mr. Rhodes for the Survey 
at Strood and Frindsbury. These are indicated by figures. 

Second, the lists of fossils from Lewisham and Charlton given 
by Mr. H. J. Johnston-Lavis in his paper on the “ Geology of 
Lewisham,” Proc. Geol. Assoc., Vol. iv. p. 528 (1876). These are 
indicated by the letter L. 

Third, the lists published by Mr. G. E. Dibley, of Syden- 
ham, including species collected by him from many localities 
in the west of Kent (see Proc. Geol. Assoc. Vol. xvi. p. 484.) 
These species, where their occurrence was not previously known 
to the Survey, are indicated by the letter D. 

A few species added from records in the volumes of the Paleeonto- 
graphical Society are indicated by the letter P. 

Bryozoa, Ostracoda, and Foraminifera are not included in this 
list, but those which have been recorded from the Upper Chalk of 
Kent will be found in the general list at the end of the volume. 

The list from the M. cortestudinariwm zone at Chatham is that of 
a collection made by Mr. Gamble, of New Brompton, and purchased 
from him by the Geological Survey. A few of the fossils in this 
series may possibly have come from the base of the M. coranguinum 
zone, but only a little of that zone is accessible in one of the two pits 
from which he obtained them (see p. 162). 


Zone of M. Zone of M. Highest 


cortestudi- ; 
Tarim, coranguinum. Beds. 


Cuxton and 
Halling. 

Gravesend and 
Northfleet. 


~ Zone of H. planus. 


ew Borstal Fort, &. 
» Chatham. 

ox Stroud. 

o@ Charlton. 

~x Lewisham. 

@ “Frindsbury. 


w 
o 
a 
Oo 


Pisces. 
Anomceodus cretaceus, Ag. - 
Beryx (?genus) - - 
Ctenothrissa microcephalus, Ag. 
Hoplopteryx lewesiensis, Mant. 
Cestracion rugusus, 4g. - 
Cimolichthys Jewestensis, Leidy 
Corax falcatus, 4g. - 
Dercetis elongatus, 4g. - 
Enchodus lewesiensis, Mant. 
Lamna appendiculata, Ag. 

»  macrorhiza, Cope - 
Macropoma Mantelli, Ag. : - 
Notidanus microdon, 4g. « 
Oxyrhina Mantelli, Ag. - 

angustidens, Reuss - - 
Protosphyrana ferox, ‘Leidy 
Ptychodus decurrens, Ag. 
a latissimus, g. - 
mammillaris, Ag. - - 
» var. altior, Ag. - 
” polygyrus, Ay. = 
rugosus, Wg. 
Scapanorhynchus subulatus, Ag. - 


tet 
POO Sir Gi 
‘ 
1Gianans 
Lana i! 
_ 
rod 


Tao 
~ 


1S os, yy, 


te 2 
m1 
le eS 
lon] 
1 
Trrtrrerrpurtrrtraregeres 
O80! | Vootwoo!s Vor tov 


WESTERN PART 


OF KENT. 


169 


» Zone of H. planus. 


Zone of M. 
cortestudi- 


narium. 


Zone cf M. 
coranguinum. 


Highest 
Beds. 


Cuxton and 
Halling. 


nw 
ew Borstal Fort, &c 


» Chatham. 


o Stroud. 


o@ Charlton. 


~ Lewisham. 
o Frindsbury. 


Gravesend and 


Northfleet. 


o 


= Cliffe. 


Pisces, 
Scapanorhynchus gigas, 4g. - - = 


Cephalopoda. 
Ammonites (Hap. J { leptophyitus, Sharpe 
Aptychus) - 
Actinocamax granulatus, Blainy. : 
verus, Miller - : 
westfalicus, Schliiter 
Belemnitella lancsolata, Schloth. - 


Gasteropoda. 
Aipponyx Dixoni, Sow. - 
Pienrotomaria perspectiva, Mant. - 
dolariella gemmata, Sow. - : 


Lamellibranchiata. 
Anomia sp. - - - - - . 
Inoceramus Brongniarti, Sow. - 
53 coridiformis, Sow. - 
ni Cuvieri, Sow. - - 
A digitatus, Sow. - 
oe involutus, Sow. : 
Lamarcki? Park. - 
+ undulatus, Sow. 
a sp. 1 - 


¥ ” sp. 2 rie - 
Lima granulata, Nilss. - 
»  granosa, Sow. - . : 
»  Hoperi, Sow. - 
» leviuscula, Sow. - : - 
» 8p. (ribbed) - - 
Ostrea acutirostris, Nilss. = 
»  curvirostris, Vilss. 
» ~normaniana, d'Oro. - - 
semiplana, Sow. - 
»  sulcata, Blum. (—flabelliformis) 
»  vVesicularis, reo - - 
Pecten cretosus, Defr. (=nitidus, M ant. ) 
» SD). 4 
i (Neithea) quinquecostatus, Sou- 
Pinna decussata, Sow. - 
Plicatula sigillina, S. P. Woodw. 
Barroisi, Peron - - 
Radi ‘lites Mortoni, Mant. - 
Septifer lineatus, Sow. 
Spondylus dutempleanus, aor b 
n latus, Sow. - 
spinosus, Sow. - 
Teredo amphisbena, Goldf. - 


Brachiopoda. 
Cistella Bronni, Hag. =Argiope) 
Crania egnabergensis, Retz 
»  parisiensis, Defr. - - = - 
Kingena lima, Defr. - - 
Magas pumilus, Sow. 
Rhynchonella Cuvieri, d’ Orb. 
limbata, Schloth. 
plicatilis, Sow. - 
i » var. octoplicata, Sow. 
reedensis, Eth. 
” sp. : 
Terebratula carnea, Sow. - - - 
semiglobosa, Sow, 
‘Terebratulina gracilis, Schloth. var. 
striata, 
Thecidium Wetherelli, Morris 


Bryozea. 
Many species (see General List), 
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Zone of M. 
cortestudi- 
narium. 


Zone of M. 
coranguinum 


nee 


& 
z 


» Zone of H. planus... 


e Borstal Fort, &e. 
» Chatham. 


o Stroud. 
o Charlton. 
~ Lewisham. 


eo Frindsbury. 


Northfleet. 


Gravesend and 
Cliffe. 


=] 


a 
—) 


Annelida. 
Serpula ampullacea, Sow. - 
33 carinata, Sow. - 
»  fluctuata, Sow. - 
” granulata, Sow. 
» ium, Sow. 
»  macropus, “Sow. Ao 
i plana, Sow. - - 
plexus, Sow. - 
Terebella lewesiensis, Davies 


Crustacea. 
. Enoploclytia Leachi, Mant. 
Polliripes glaber, Roem. 
5 unguis, Sow. 
Scalpellum maximum, Sow. 
Ostracoda (see General List). 


Echinodermata. 
eticrinus ellipticus, Miller 
Call ermia latum, Forbes 
Cidaris Mee Konig - 
” 
i perornata, ‘orbes 
»  sceptrifera, Mant. - 
»  serrifera, Forbes. - 
»  subvesiculosa, d’Orb. 
Cyphosoma corollare, Klein 
i granulosum, Gold/. - 
7 Keenigi, Mant. 
tne magnificum, 4g. - 
radiatum, St - 
a apatuliferum, ‘orbes 
Wetherelli, Forbes - 
Echinocorys sceutatus, Leske 
Epiaster gibbus, Lam. - 
Galerites castanva ? Brongn. 
sg albogalerus, Leske 
5 subrotundus, Mant. 
globulus, Desor 
Holaster planus, Mant. - 
placenta, Ag. 
Matipaster Bowerbanki, Forbes. 


Micraster coranguinum, Leske 


cingulatus, Sladen - 
Mantelli, Forbes - 
Parkinsoni, Forbes - 
uncatus, Forbes 


corbovis, Forbes 
cortestudinarium, Golaf. - 


a Leskei, Desm. - 
precursor, Rowe : 
Mitraster Fanterl, Forbes - “ 
rugatus, Forbes - 
Nymphaster pr Ceonmbel! Forbes 
Offaster pillula, Lam. 
Ophiura serrata, Roemer 
Oreaster Boysi, Forbes - 

° bulbiferus, Forbes 
Pentacrinus Agassizi? Hag. - 
Pentagonaster megaloplax, Sladen 
Salenia granulosa, Forbes - - 


Actinozoa. 
Axogaster cretacea, Lonsd. - 
Caryophyllia cylindracea, Reuss 
Diblasus grevensis, Lonsd. 
Epiphaxum auloporoides, ‘Loned. 
Onchotrochus serpentinus, Dunc. 
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+ Zone of H. planus. 


Zone of M. 
cortestudi- 


narium. 


Zone of M. 


coranguinum. 


« Borstal Yort, &c. 
Chatham. 


o Stroud. 
@ Charlton. 
~ Lewisham. 


ew Frindsbury. 


Gravesend and 
Northfleet. 


Oo 


© Cliffe. 


Parasnilia centralis, Mant. 
ii helene Ss & H, - 
granula ne. : 
: monilis, Bune. - 
serpentina, FE. & H. - 
Spinopora Dixoni, Lonsd. - 


Spongida. 
queens costata, Hinde 
a ficoideum, Hinde 
Gore ites Benettim, Mant. - 
Cliona cretacea, Portl.-  - 
Coscinopora infundibuliformis, Goldf. 
qnincuncialis, TZ. Smith - 
Doryderma ramosum, Mant. 
Remeri? Hinde - 
Elasmostoma ipoprored Hinde 
Guettardia stellata, Mich 
Heterostinia obliqua, ‘Benett 
Pachinion scriptum, Hinde - 
Pharetrospongia Strahani, Sollas 
Pholadocladia ramusa, Hinde - 
Plinthosella compacta ? Hinde 
squamosa, Zittel - 
Plocoscyphia convoluta, 7. Smith 
Porosphzra globularis, Phil. - 
pileolus, Lam. 
Siphonia Kenigi, Mant. - 
Steletta inclusa, Hinde - 
Stichophyma tumidum, Hinde - 


sp. 
Thamnospongia sp 
Ventriculites anustatis ? Roemer 
alcyonoides, Mant. 
ae decurrens, T. Smith 
impressus, 7’. Smith - - 


mammillaris, 7. Smit. 
ef radiatus, Mant. - = - 
(several species) 


infundibuliformis, S. Pita 
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CHAPTER XII. 
THE UPPER CHALK IN SURREY. 
GENERAL REMARKS. 


No systematic exploration of the Upper Chalk of Surrey has yet 
been made, notwithstanding its proximity to the Metropolis and 
the frequency of exposures in quarries and railway cuttings. 


Mr. Caleb Evans made an excellent reconnaissance in 1870 
along the line of railway then being made between Croydon and 
Oxted, dividing the Chalk into zones and giving a list of the fossils 
he had found in each.* He discussed the species of Micraster 
and revised his divisions in a later paper.t+ 

More recently Mr. G. E. Dibley has published some notes on 

uarries along the same line of country, with lists of the 

ossils found. { 


A large portion of the Upper Chalk seems to have been eroded 
and destroyed throughout Surrey before the deposition of the 
lowest Eocenes. If it were not so, the thickness of chalk below 
the Surrey Eocenes would be much greater than it is; thus if we 
refer to the record of the deep boring at Streatham§ we find that, 
including the beds which are regarded as forming a passage from 
the Middle to the Upper Chalk, there are only 221} feet assignable 
to the Upper Chalk (7.e., zones of Hol. planus, M. cortestudinarium, 
and M. coranguinum). As the corresponding beds near Dover 
are about 360 feet thick, and about 300 feet at Gravesend, 
it is not likely that any of the Margate chalk is present ; moreover 
it is stated that below the highest 19 feet the chalk under Streatham 
has beds of flints “ every 2 or 3 feet,” such a frequency of flint 
layers agreeing with the character of the M. coranguinum zone 
rather than that of Marsupites. 

Further to the north-west, however, the thickness of Upper 
Chalk below the Eocenes is greater, 300 feet at Richmond, and 337 
feet at Winkfield, near Windsor, so that it is possible that the zone 
of Marsupites does come in below these places. It may also begin 


* “ Sections of Chalk between Croydon and Oxtead.” Geol. Assoc. 
(Published in Lewes, 1870). 

+ Proc. Geol. Assoc., Vol. v. No. 4, p. 149 (1877). 

t Proc. Geol. Assoc., Vol. xvi. p. 484. 

§ Geology of London, Vol. ii. p. 224, Mem. Geol. Survey (1889). 


to emerge from beneath the Eocene boundary in the south-east of 


Surrey. 


Several of the largest quarries in the Chalk of Surrey expose 
sections which extend from the Terebratulina zone through 
The first of these, as we proceed from 
east to west, is the well-known quarry near the Rose and Crown 
Inn, four miles south of Croydon; the section taken here by 


that of Holaster planus. 


SURREY. 


STRATIGRAPHICAL DETAILS. 


Zone of Holaster planus. 


Mr. Hill in 1896 was as follows :— 


Soil 


Zone of Holaster planus; 40 feet. 


Part of Terebratulina zone. 


0 
Firm chalk with layers of Aints (part of this 
inaccessible) - 20 0 
A marked layer of flint - + oO G6 
Firm white chalk - - - - - 8 0 
A marked layer of large flints - - - 0 9 
Firm white chalk, a little irregular in icine, 
hard lumps in Bln: Holaster Gatasell -- 4 0 
A thin seam of marl -— - Oo 2 
Rather rough hard lumpy ébalk: “eeyatalline 
lumps in a softer matrix, often showing the 
structure of sponges in iron stains - 
A marked layer of flints - - 
Firm white chalk of even texture throurhout - 
A marked layer of flints - 
Rough lumpy chalk, the lumps in a soft eek 
matrix. Holaster planus 
Irregular lumpy chalk with rather large scattered 
flints, nclined to arrange themselves in layers; 
\ in one place a thin seam of tabular flint 
White lumpy chalk with scattered flints 
A marked course of hard creamy nodules in softer 
matrix, nodules often iron stained, showing 
structure of sponges = = - - 1 0 
Thin seam of marl, below which is a layer of 
smallish flints - - - O 2 
White chalk, somewhat lumpy: but nat so 
markedly as that above; layer of small flints 
at top, and a few scattered throughout 3 
Smooth white soft chalk, Spondylus spinosus - 3 
A course of hard nodular chalk with iron stains 
showing the structure of sponges - 1 
Firm white smooth chalk - 5 2 
Seam of marl - - - - (6) 
White smooth chalk seamed or veined with 
greenish grey in the middle part, above which ‘ F . 
is an irregular layer of flints 8 6 
A marked layer of hard nodular or eer chalk, 
nodules as usual showing structure of sponges 
in iron stains -' 1 °6 
White chalk in massive courses, divified by 
\ thin marl seams - 2  s +50 O 
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The cutting Geuwaad the Merstham tunnel and Coulsdon 
station on the London, Brighton & South Coast Railway appears 
to traverse the zone of Hol. planus, for Mr. W. M. He olmes 
records H. planus, Micraster Leskei and Terebratula carnea from 
the heaps of chalk thrown out of this cutting. With them were 
many hollow flints containing a mealy substance from which he 
pubauned a large number of Radiolaria in better preservation 

ohn any previously recorded from the Chalk of itis country. 

He has described and figured 41 species belonging to 20 genera.* 

One of the most interesting sections of the chalk at this horizon 
occurs in the cuttings of the railway from Croydon to Epsom, just 
north and south of Chipstead Station. The continuity of the 
section is broken by a roadway and by excavations at the station, 
but probably only a small thickness of chalk is thus missed. 
The cutting just north of the station gates, as seen by Mr. 
Hill in the autumn of 1899, gave the following section :— 


Ft. in. 
Soil and rubble - er re) 
: ¢Broken chalk (Heh nsconys spiel - - 8 
Firm rough chalk veined with grey’ - -, 4 0 
Rough lumpy chalk rather uneven in texture, 
hard lumps in a softer niatrix stained brown 
in places, some flints, Echinocorys soutatus, 
Micraster cortestudinarium ‘ soe 2 0 
Softer firm white chalk with flints - 2 6 


Hard rough lumpy chalk, the upper Sia. 
fairly well marked, upper. part creamy white 
with rusty stains, but passing down into softer 


Zone of M. cortestudinarium., 


and whiter chalk, Micraster'- - 2 6 
Softer. chalk, white, but texture uneven ; harder 
Lin some places than i in others ; flints - =~ + 6 0 
oa ae 23 0 


An excavation in the station at a lower horizon than the above 
showed softish white chalk with flints, _ containing Micraster 
precursor and M. cortestudinarium. 

At the top of the cutting, just south of Chipstead Station, was 
white softish chalk, probably the continuation of that seen in the 
station. The dip of the beds in this cutting is very slight, and it is 
necessary to walk half a mile along the line south of the station 
to obtain the following sequence :— 


(Soil and rubble - . - 


Ft. in 
2 6 
4 | Soft white chalk with flints, Kdinoworgs scutatus, 
8 Micraster sp., Terebratula semiglobosa - 8 6 
os Chalk consisting of hard lumps in a softer matrix 5 O 
& « ( Hard rough lumpy chalk, neither top nor bottom 
“ 82] well defined, but passing into the chalk above 
se S| and below - 14 
tx | A rather massive bed. of rough lumpy chalk. 
Micraster sp. - - Pee 2 0 


* On Radiolaria from the Upper Chalk at Gonision Quai Journ. 
Geol: Soc., Vol. lvi. p. 694, Plates xxxvii. and xxxviii. (1900). 
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A well defined bed of hard rough nodular rock, Ft. in. 


the nodules at the top sometimes green coated ; 

many fossils (see below) - 2 0 
| Hard chalk, smoother than the above, veined 

with greenish grey; some fossils - 5 6 


Smooth white soft chalk in two courses, Micraster 
precursor, Holaster planus, Cyphosoma radva- 
_ tum and Cardiaster sp, - -- - - - 3 0 
Massive white chalk with a few large black flints 
: seen for 3 0 


Zone of 
Holaster planus. 


32 10 


In the soft white chalk at the base of this section were three well 
marked layers of tabular flint, and in one place a fourth layer was 
visible. These layers were about a foot to 15 inches apart, but to 
the northward approached gradually to each other. At the same 
time the bed of hard veiny chalk immediately above the soft white 
decreased rapidly in thickness from 5} feet to 34 feet. 


This veiny chalk. and the rough nodular rock above yielded 
the following species. Micraster precursor, M. cortestudinarium, 
Echinocorys gibbus, Inoceramus Cuvieri, Spondylus spinosus, 
Terebratula semiglobosa, and Rhynchonella sp. 


The facies of the assemblage of Micrasters from the upper 
beds of this section is that of the highest part of the zone of H. 
planus at Dover, while the occurrence of this species associated 
with Micrasters in the soft white chalk below supports this view. 
But the sudden change from hard rocky chalk to the soft white 
chalk at the base of the cufting is very striking, and strongly 
reminds one of the ordinary succession at the horizon of the Chalk 
Rock in Hertfordshire or Cambridgeshire. Micrasters are more 
abundant in this cutting than in any other locality. along the 
North Downs. 


The following notes are also by Mr. Hill :— 


The Echo quarry, about a mile to the south-east of Guildford, 
presents another good section at this horizon. It is anold quarry, 
long since disused, but there yet remains a perpendicular face at 
least 100 feet high, which, though inaccessible, gives a view of the 
succession of chalk through the zone of Holaster planus to the 
Upper Chalk. From the view obtained here it would seem that 
the “chalk with flints’”’ comes in as described with the zone of 
Holaster planus, and at what we should take as about the summit 
of this zone there appears a space of some 30 feet (estimated, for 
this part is not accessible), in which there are few if any flints, 
and above this layers of flint are seen to set in again regularly. 

It is possible to examine some 50 feet of the face on the western 
aide of the quarry, and taken generally, the section there agrees 
With that at the Rose and Crown quarry. 
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Another section occurs about 5 miles West of Guildford, at 
Monkshatch. This must have been once alarge quarry; it is now 
converted into pleasure grounds, surrounding the residence of 
— Hitchens, Esq. The section taken in 1896 was as follows :— 


Ft. in. 
Soil ‘and rubble - 3 0 
White chalk of irregular texture, hard lume 4 in 
softer matrix, arranged in discontinuous beds 
with layers of softer chalk between, flints in 
layers and also scattered. H. planus (quite at 
the top), Micraster Lesket, M. prmeuneer - 
Firm white chalk - ~- - 
Irregular bed of flints - - - = - 
Massive bed of firm white chalk in two courses - 
Layer of flints - ee - oe 
Massively bedded firm white chalk in two courses 
separated by a thin marl seam. Hol. Planus 
Layer of flints - 
Course of firm white chalk - oe 
Layer of flints - - 
White chalk of irregular texture, with scattered 
flints, most numerous in the lower part-  —_ - 
A well marked layer of large scattered flints - 
Firm white chalk - - 
Course of hard crystalline Tainps, iron stained, 
the whole course very firm and hard -- 
White soft chalk - ee - 
Another course of very hard nodular or lumpy 
chalk - + - - 

The section is broken here by a talus ica: 
and there is a small fault, but the gap cannot 
be great. 

Soft whitechakk - - - - - = 6 

Layer of marl - - (e) 

Softish white chalk, in sehich pheee. are ‘three 
layers of flint and a few scattered nodules 16 0 


bo 
BREW COWORD CDWHrRDd 
OHOOCAaO 


Zone of Holaster planus 42 feet. 


a 
SC CO ODD BOW 


Part of the 


Terebratulina zone. 


ao 


76 0 


The measurements in this section are given as taken without 
regard to the dip of the beds, which is about 15° N. 


The lower part of the zone of Holaster planus is again exposed 
at the Victory quarry, near Farnham, but the section does not 
extend far in the zone. 


Zone of Micraster cortestudinarium. 


To this zone belong the Upper Kenley Beds of Mr. C. Evans. 


The only quarry examined by Mr. Hill in Surrey where 
the chalk was undoubtedly referable to the zone of Micraster 
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cortestudinarium is that close to Coulsdon Station. The section 
taken in 1896 was as follows :— 


Ft. in. 

Soil, ete. - - = - = - - - 7 1 0 
“3s ,. (Soft. white chalk with layers of flints at intervals 

evs| of4or5fet - - - - - - «21 0 

€.8 © Soft white chalk without fints - - - - 12 0 

Ns Layer of flints - - - - - 06 
r Very firm, scarcely hard chalk, veined with green 

Ss grey, with layers of flint and many scattered- 25 O 

3.3 ¢ | Softer chalk with but few flints. Mieraster. - 6 O 
3 R ® | A course of hard creamy nodules in soft mealy 
ee matrix, nodules are sometimes iron stained, 
uw So | scattered flints. This course is called ‘ Bull 

oRN rough” by the quarrymen. Micraster sp. 4 0 

ae ) Softer white chalk. Mvcraster sp. - - 5 0 

8 & line of large flints - - - O06 

Soft white chalk - -  - seenfor 4 O 

80 6 


Although we could not identify any of the Micrasters as M. 
cortestudinarium, they belong to the precursor group, and have 
the characters of those found in that zone near Dover. 


There is also a quarry at Purley Junction which appears to be 
opened at about the same horizon and to show parts ot the zones 
of M. cortestudinarium and M. coranguinum. Mr. Hill found 
M. precursor and Mr. Dibley obtained M. cortestudinurium, 
Holaster placenta and Spondylus spinosus from the lower beds, 
while the higher part is believed to belong to the zone of 
M. coranguinum, but without definite evidence. 


The exposure of this zone in the railway cutting north of 
Chipstea Station has been described above, and in the next 
cutting, a quarter of a mile north of the station, there is a course 
about 6 inches thick of hard yellowish compact chalk, which 
yielded M. precursor of a low zonal type; this bed may mark 
the top of the zone of M. cortestudinarvwm. 


Zone of Micraster coranguinum. 


It is impossible to determine from Mr. C. Evans’ descriptions 
how much of the chalk described by him should be referred to the 
zone of M. coranguinum. In his later paper (1877) he refers the 
whole of what he had previously called the Purley Beds and the 
Upper Kenley Beds to the zone of M. cortestudinarium, but as these 
two groups would have from his account a thickness of 170 feet, 
and as he allows 80 feet for the underlying zone of Holaster planus, 
it is evident that if his estimates are accepted much of the 170 
feet must belong to the zone of M.coranguinum. The probability 
is that the greater part of the Purley Beds are referable to this 
zone. 

6821 M 
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In describing the cuttings near Purley, Mr. Evans meutions 
that cutting No. 4 is through the northern slope of Riddlesdown, 
and:in the appendix he gives the following section at, the northern 


entrance of the tunnel :— 
Ft. in. 

Chalk and flints (obscure).* 
Two layers of flints with chalk between - - - 91 
Chalk in two beds - = - + 8 
Band of large flint nodules. 
Chalk - S68 ee oe om 2 
Flint nodules sha chalk ee cee 1 
Chalk with Micraster and occasional flints BS Ly 
Irregular flint nodules. 
Chalk in several beds, with two layers of flints - - Tors 


In this cutting the beds dip to the north, in the next cutting (No. 
3) they have a slight but perceptible dip to the south, which can be 
traced by a band of large flints, probably the same band as that 
noted in the section above given. The same beds seem to occur in 
the cutting to the north (No. 2), where they recover their northerly 
dip, for he says :—“ The most interesting deposits in this cutting 
are two beds of chalk, separated by a band of flint nodules, and 
having a band of large.flint nodules above, These two beds con- 
tain many specimens of Micraster coranguinum together with 
other fossils,” and he afterwards speaks of this as the “‘ Micraster 
band.” 

In cutting No. 1, by the road from Purley to Sanderstead, 
higher beds come in, dipping gently to the north, and from the 
details given by Mr. Evans the following seems to have been the 
succession :— 


wBpoom Do 


o 


Fi. in 
Chalk and rubble - - - - - = -about 2 0O 
Chalk with two layers of flints - = - - - So 5 O 
Layer of tabular flint, 
Chalk with two layers of flint - - - - -, 7 0 
Band of marl - - ° - - 0 8 
Chalk with layer of flints below - - Ps 14 
Chalk and flints (sloped and emientlred). mR gy 7 6 
About 238 0 


In his later paper (p. 151) he remarks that “ the Purley sections 
are more than 100 feet below the junction of the two formations,” 
t.e., Chalk and Eocene; and to this highest part of the Chalk he 
gives the name of the “ Croydon Beds.” He further observes that 
Echinoconus conicus (Galerites albogalerus) is very common in 
this highest chalk, occurring in that position at Lewisham, 
Chiselhurst, Keston, and Croydon. 

A quarry opposite the Royal Oak at Haling, in ‘the parish of 
Croydon,* is notable as being that in which a large boulder of 


*Mr. Whitaker informs me that this pit has been erroneously stated to 
be at Purley. There is another large pit at Purley Station. 
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granite was found in 1857. This boulder was described by Mr. 
Godwin-Austen,* from whose account it appears to have been a 
large, rounded, water-worn, and “boldly egg-shaped” mass 
of granitic rock; the width of one end seems fo have 
been about 12 inches, but its length is unknown, 
as it was broken up before measurements were taken. 
With this large boulder there were also a number of smaller 
blocks of some kind of greenstone, described as consisting of 
“augite with tabular double crystals of felspar; the largest 
of these, from the portions which remain, must have been of con- 
siderable size, weighing as much as 20 or 25 pounds, but in common 
with all the other specimens of the same rock it was much decom- 
posed, . . . . the smaller pebbles were wholly decomposed 
and readily fell to pieces, forming a sharp sand.” There was also 
a compact mass of sand, examination of which showed it to be “a 
fine water-worn beach-sand, derived from the waste of a coast-line 
of some crystalline rocks.’’ 

Mr. W. Hill visited this quarry in 1897, and furnishes the 
following notes of the chalk therein exposed, About 80 feet of rather 
firm white chalk are seen here ; the flints are not exactly in layers, 
but in courses of scattered nodules, and many small flints are scat- 
tered through the intervening chalk. There is a seam of contin- 
uous flint near the top, two somewhat feeble seams lower down, 
and a fourth near the bottom, in the south-west corner of the 
quarry. Characteristic specimens of Micraster coranguinum 
were found in the face of chalk associated with Echinocorys scu- 
tatus. At the kilns at the south-west corner the following beds 
are seen :— 


Ft. in. 
Soiland rubbish -  -~— - - 2 2 + = = 10 
Firm whitish chalk - ‘ - - 5 = - 0 4 
Cream-coloured chalk broken into irregular fragments 0 9 
Softer white blocky chalk - - - 10 
Hard yellowish compact chalk with well-marked upper 
surface - - - - - - - - Oo 6 
Firm blocky white chalk with flints - - - 3 0 
667 


Mr. E. T. Newton subsequently found in the chalk which 
forms the floor of this pit a Micraster precursor of a type 
like those in the M. cortestudinarium zone. 

Mr. Hill thinks the hard yellow chalk may mark the top of the 
M. cortestudinarium zone, as it resembles the bed exposed in the 
railway cutting a quarter of a mile north of Chipstead Station. 


Zone of Marsupites. 


In the eastern part of Surrey this zone is either concealed 
beneath the Eocene, or more probably was removed from the 


* See Quart. Journ. Geol. Soc, Vol. xiv. p. 252 (1858). 
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summit of a low anticlinal flexure formed and eroded before the 
deposition of the Tertiaries. 

In the western part of the county, however, it is probable that 
the zone of Marsupites comes in again from beneath the Eocene 
boundary, for, as we shall presently see, it is unquestionably present 
in the north of Hampshire. Dr. Barrois thought he recognised 
it near Guildford in 1876, and refers to it as follows* :—“ The 
north side of the Hogs Back . . . . consists of a soft chalk 
with few flints, but with some tabular flint ; these are the minera- 
logical characters of the zone of Marsupites ; moreover, it contains 
Offaster corculum, Echinoconus conicus, and Mvcraster coran- 
guinum . . . . Below this zone the chalk contains much 
more frequent layers of flint nodules, and this belongs to the zone 
of Micraster coranguinum.” 


FossILs FROM THE Upper CHALK OF SURREY. 


The following is a list of such fossils as have hitherto been 
obtained from the Upper Chalk of Surrey. In the first column 
are entered those recorded (1) by Mr. C. Evans from his Lower 
Kenley Beds, (2) those found by Mr. Hill. Inthe second column are 
fossils from the Upper Kenley and Riddlesdown Beds of Mr. Evans 
(a), those found by Mr. Hill and Mr. Dibley (6), and those obtained 
from a new railway cutting near Coulsdon by Mr. W. M. Holmes, 
of Croydon (c). The third column includes (4) species recorded 
by Mr. Evans and Mr. Holmes from the Purley Beds, (5) fossils 
found by Mr. G. E. Dibley at Haling and South Croydon, (6) a few 
obtained by Mr. Holmes from a pit near Warlingham Court. 
Our thanks are due to Mr. Dibley and Mr. Holmes for putting 
their lists at our disposal :— 


Zone of 
Zone of 
oe aa pene Meare | M. corangui- 
: i num. 
arium. 
Vertebrata. 

Anomeceodus cretaceus, dg. - - - + b - apes 
Cimolichthys lewesiensis, Leidy. es ——— -~- 5 - 
Cladocyclus lewesiensis, Ag. - oe eee pages are 
Corax falcatus, Ag. - Se b - 4 5 «: 
Enchodus sp. - - - - ea b - a Be 
Ichthyodectessp. - - -— - a cay see a Bae 
Lamna appendiculata, Ag. - - = 4S b - ae se 
Notidanus microdon- - - = - me an po Bt Nes 
Oxyrhina Mantelli, Ag. - - - - - an 4 5 - 
Pachyrhizodus Gardneri, Mason - a = ie ae ae 
Ptychodus latissimus, Ag. - —— ay = S 
mammillaris, Ag. - - - 2 =e aon th fs 

is rugosus, Ag. - = is ar Bie eens eer 
Scapanorhynchus subulatus, dg. - —— oe oe 5 = 


*Recherches sur le Terrain Crétacé Sup., 1876, p. 139, 
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Zone of Zone of 
-— Hanes M.cortestu-| M. corangui- 
‘| dinarium. num. 
Mollusca. 
Pleurotomaria perspectiva, Mant. - - - b - 4- - 
Inoceramus Cuvieril, Sow. - - 1 2 -- 4 —- - 
+5 involutus, Sow. - - - - -- - 6 - 
. undulatus, Mant. - - - - - 4 - = 
39 sp. (like striatus) - Ss a - = a 
Lima Hoperi, Sow. - 2 - - -c¢ 45 - 
Ostrea normaniana, d’Orb. - - - - -- 4 - 6 
»  semiplana, Sow. - - - - - - 4-- 
»  Vesicularis, Lam. - - - - an --- 
Pecten concentricus, Woodw. - - - - - - 56 - 
»  cretosus, Defr. ( = nitidus, 
Mant.) - - - - - - - - - 45 - 
», britannicus, Woods - - - - - 56 - 
»  (Neithea) quinquecostatus, Sow. - - a - - 5 - 
Spondylus latus, Sow. - = - - a- - 5 - 
_ spinosus, Sow. - - - 2 a,bc|] 4 5 — 
Teredo amphisbeena, Goldf. - - - - - ¢ --- 
. Brachiopoda. 
Crania egnabergensis, Retz. - - - - a- 4-- 
»  parisiensis, Defr. - - - a- --- 
Rhynchonella Cuvieri, d’Orb. - 1 - - c]/-- - 
- limbata, Schloth. - - - a 4 - 6 
“ plicatilis, Sow. - 1 2 - Cc 4-- 
reedensis ? Hth. - - - a - 
Terebratula carnea, Sow. - 1 - abe |] 4 5 - 
3 semiglobosa, Sow. - 1 2 a, ¢ 45 - 
Terebratulina gracilis, Schloth. var. 1 - b - --- 
striata, Wahl. - - 1 - a, b 4-- 
Thecidium Wetherelli. Morris-  - - = a- --- 
Bryozoa. 
Alecto gracilis, th Edu. - - - - - a - 4 - - 
»  Famosa, Roemer - - - - a—- oe 
Desmepora semicylindrica, Roemer - - - a- -- - 
Diastopora Sowerbyi, Lonsd. - - - - a - 4-- 
Entalophora sp. - 5 fe - - - - - 5 
Homeeosolen sp. - - - a - 4—-- 
Truncatula alberniata, LOrb. - - - ce - -- - 
Crustacea. 
Enoploclytia Leachi, Mant. - - - - - - - 56 - 
Scalpellum arcuatum, Darw. -— - - - cas - 56 - 
Annelida. 
Serpula plexus, Sow - - - a a- a 
Terebella lewesiensis, Davies - - - - - - 4-- 
Echinodermata. 
Bourgueticrinus ellipticus, M¢ler. - - a,c - 5 - 
Cidaris clavigera, Kénig. - oh ie - ¢ 4-- 
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Zone of 
Hol. planus. 


Zone of 
M. cortestu- 
dinarium. 


Zone of 
M.corangui- 
num. 


Cidaris sceptrifera, Mant. 
Cyphoseraa Keenigi, Mant. - 
corollare, Klein - 
ae radiatum, Sorig. . 
Echinocorys scutatus, Leske - 
Epiaster gibbus Lam. 
Galerites albogalerus, Eeske. -.. 
Holaster planus, Mant. 
»- Placenta, Ag. 
Micraster coranguinum, Leske 
_corbovis, Forbes (? Leskei) 
cortestudinarium, Goldf. 
- Leskei ? Desm. 
is preecursor, Rowe 
Offaster pillula, Lam. 


” 


” 
” 


_ Actinozoa. 
Parasmilia centralis, Mant. 
Synhelia sharpeana, H. and H. 


S'pongida. 
Camerospongia campanulata,7’. Smith| 
Plinthosella squamosa, Z7tt. 
Plocoscyphia convoluta, 7’. Smzth 

vagans, H inde 
Porospheera globularis, Phil. 

s pileolus, Zam. 
Siphonia Keenigi, Mant. 
Ventriculites alcyonoides, 7. Smith 
~ decurrens, 7. Smith - 
mammillaris, 7. Smith) 
radiatus, Mant. 


ay 
" 


po 


[—] = 


Radiolaria. (in flints) 


aN 


[etd 


laafagdatouan 


| 


I 
! 


oo 


ee | 
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CHAPTER XIV. 


THE UPPER CHALK IN NORTH HAMPSHIRE. 
GENERAL REMARKS. 


That part of Hampshire to which the following account relates 
is wholly comprised within the Basingstoke and Andover sheets 
of the new series of Ordnance Maps (Sheets 283, 284). Our 
knowledge of the zones in this district is primarily due to Professor 
Barrois,* but Mr. E. Westlake made some subsequent explora- 
tion of the country,f and Mr. Ch. Griffiths and Mr. R. M. Brydone 
have more recently explored much of the district, and have col- 
lected diligently from all the principal exposures near Andover, 
Whitchurch, Micheldever, and Basingstoke. 


_ The Chalk Rock (zone of Holaster planus) crops out round the 
uplifts of Kingsclere and Shalbourne and is probably succeeded 
by a thin zone of M. cortestudinarium, though at present we 
have no certain evidence of its existence. 


The zone of Micraster coranguinum occupies large parts of 
the surface area of this district, because it is. brought up round 
the uplifts of Kingsclere and Shalbourne, and the Marsupites zone 
forms a narrow band for some distance along the Northern border, 
just below the Eocene boundary. To the southward, also, there 
are synclinals by which the Marsupites zone, with more or less of 
the Act. quadratus zone, are brought in. South of Whitchurch 
and Overton the zone of M. coranguinum makes its appearance 
againi, not only in the lower ground, but on the high ground north 
of Micheldever. 


It is evident that a careful zonal study of this district would 
bring out some interesting facts respecting the flexures of the 
Chalk and the subsidiary system of synclines and anticlines which 
exists in this area, which is really a prolongation of the compound 
Wealden uplift. 


Nothing is definitely known with regard to the local thickness 
of the several zones into which the Upper Chalk is divided, but 


* Recherches sur le Terrain Crétacé supérieur, p. 38 et seg., 1876. 
t Tabular Index to the Fossils cited by Dr. Ch. Barrois (1888). 
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it is probable that their relative thicknesses are nearly the same 
as in the central part of Hampshire, described in Chapter V. 


STRATIGRAPHICAL DETAILS. 
1. The Chalk Rock Beds. 


These beds must be regarded as a condensed equivalent of the 
zone of Holaster planus. 


I am informed by Mr. Bennett that there are several exposures 
of these beds along the cincture of the Kingsclere inlier. On the 
northern side of the vale he found them exposed in a quarry 
three-eighths of a mile south-west of Kingsclere Church, in another 
quarry less than a mile N.N.E. of Burghelere, and a still better 
section in the railway-cutting west of the latter (see Fig. 

The beds in each case are dipping northward at angles of from 
20° to 28°, and the succession at each place is the following :— 


Feet. 
White chalk with flints. 
Hard compact yellowishlimestone- - - - - 2to 8 
Greyish-white nodularchalk - —- -  - 12 or 18 
Hard chalk-rock, with a layer of green-coated nodules 
at top and another below -  - - + 6or 7 


On the south side of the vale the rock is well shown in the first 
cutting on the railway north of Litchfield Station, where the beds 
are dipping to the south at about 4°. Of this section Mr. Whitaker 
furnishes the following account :— 


ff 
ane 
White chalk with flints. 
Very hard cream-coloured chalk, with a few eS 
yj pale greenish nodules - a) 
3 Hard white bedded chalk with two thin diseot- . 
ms tinuous seams of flint -  - 11 
3 Hard chalk with a layer of flints at fie. top-  _- 1 
ia Hard chalk-rock, jointed, witha layer of green-coated 
4 nodules at the top, where it is fossiliferous t 2 
g Hard chalk - 4 
i) Hard chalk-rock ke the shave bat not so marked, 
passing down into hard chalk - - 91 
22 


From the sections above mentioned Mr. Rhodes was able to 
obtain a fair number of fossils. (See list at the end of this chapter.) 


In the Bourne Valley a good section through these beds is 
found in a quarry at the foot of Stoke Hill one and a half miles 
south-east of Hurstbourne Tarrant \see Fig. 50). This section was 
carefully measured by Mr. E. Westlake, and his account was 
published in Steven’s “History of St. Mary Bourne ” (1863). 
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Somewhat abbreviated, it is as follows, but the bracketing of the 
beds into zones is my own :— 
: Ft. in. 
Soft chalk with a seam of flint 9 inches from 
bottom - - 3 
U pper, Crock bed—very hard chalk, slightly celine: 
ous, much broken, but defined at the top - 2 
Softish white chalk without flints - - - 7 
Layer of rusty flints, forming top of * 
Sponge-bed—hard nodular chalk with black 
specks and many decayed irregular flints full 
of spicules ; in places the-chalk contains cavities 1 O 
Lower rock-bed. Two courses of very hard chalk, 
the upper surfaces of which are irregular and 
well defined. The top 3 or 4 inches of each 
course contains green-coated nodules, pyrites, 
and many fossils (see list on page 191). - 
(Nodular chalk, consisting of hard lumps in a 
softer matrix with wavy streaks of grey marl 
Layer of green coated nodules and pyrites 
Nodular chalk, like that above ue 
Soft grey marl 
Compact greyish halle, lumpy but jes so than 
the beds aboveand breaking into larger blocks ; 
a few scattered flints. elas spinosusts 
\ common = 3 = = 12 0 


Mr. Westlake divided the beds mes the marl band into a zone 
of Holaster planus and a zone of Micraster breviporus. When 
he wrote it was natural to place the nodular chalk above this 
band in the former zone, but we have already explained (Vol. IT. 
p. 410) why Mr Hill and I take a different view. 


It might be thought that the two-inch layer of green-coated 
nodules should be regarded as part of the Chalk Rock, but such 
nodules occur at many horizons in the Chalk, and the mere occur- 
rence of such nodules a few feet below a bed of Chalk Rock is no 
good argument for including such a layer in the same zone. Mr. 
Westlake found no fossils in this thin layer of nodules, and the 
special fauna of the Chalk Rock, with its Cephalopods and Gastero- 
pods, does not come in till the lower rock-bed is reached. 


It has been mentioned in Chapter VII. that a similar layer occurs 
in the Isle of Wight, and has actually been called Chalk Rock, 
but that we regard it-as lying in the Terebratulina zone, and 
altogether below the true representative of the Chalk Rock in 
that island. 


Mr. Westlake gave a list of the various fossils which he found 
in each bed, but the upper rock-bed only yielded an imperfect 
Micraster. These fossils are listed on p. 191 in their respective 
zones under the letter s, but we mention here that the fossils 
found in the nodular chalk at the top of the Terebratulina zone 
were: Holaster planus, Micraster Leskei, Rhynchonella plicatilis. 
Terebratula semiglobosa, Inoceramus cf. cuneiformis, and Natica sp. 


oOo © 


’ Chalk Rock Beds, 
13 feet 7 inches. 


Omonw w 
IB & bo 00 


Terebratulina 
Zone. 
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2. Zone of Micraster coranguinum. 


This zone probably occupies a considerable area to the east 
and west of Basingstoke. Professor Barrois supposed the town 
to be on the zone of Marsupites (op. cit. p. 39), but he was 
unable to find many fossils. Messrs. Griffith and Brydone, how- 
ever, have devoted some time to collecting from the railway cutting 
of the Great Western Railway east of Basingstoke Station, and 
consider it to be in the zone of M. coranguinum, the occurrence of 
that fossil with Galerites albogalerus and Actinocamaz verus and the 
absence of any plates of Marsupites leading them to that conclusion. 
There is another exposure of the same chalk in the siding east of 
the junction with the South Western Railway. 

It might be thought that the occurrence of Actinocamaa verus 
was suggestive of the Marsupites zone, since at Margate and else- 
where that fossil is associated with Marsupites. Mr. Griffith, 
however, informs me that this does not seem to be the case in 
Hampshire ; that they have never found it in any section where 
plates of Marsupites occur, while it is not uncommon in the 
chalk which appears to be referable to the zone of M. coranguinum. 

On the northern side of the Vale of Kingsclere the outcrop of. 
this zone must form a very narrow band, for on the maps of the 
Geological Survey the whole space occupied by the Upper Chalk 
is in places not more than 350 yards across, and the beds are 
indicated as dipping northward at angles of from 25° to 40°. It 
is probably exposed in the third railway cutting north of Burgh- 
clere, but no one has yet obtained any information respecting the 
zonal succession in this cutting. 

_ On the south side of the Vale the zone of M. coranguinum occupies. 

the ground for some distance to the south and east of Litchfield. 
Dr. Barrois describes it as chalk with banded flints and some 
cavernous flints, but with few fossils except fragments of Ino- 
ceramus ; he notes it as visible at Cold Henley and Larks Barrow 
Hill, about two miles south of Litchfield, and again to the south- 
east at Woolding Farm and Travellers’ Rest. 

He considered Whitchurch and Hurstbourne Priors to be on the 
Marsupite chalk, but Mr. E. Westlake inclines to the opinion that: 
the beds there seen by Professor Barrois belong to the zone of 
M: coranguinum, and the same is the case with regard to the 
chalk round Overton to the eastward. 

The New Barn cutting on the railway between Whitchurch and, 
Hurstbourne stations is in the M. coranguinuwm zone, and Dr. J. 
Stevens obtained many fossils here when the cutting was being 
made (see list on p. 191). Professor Barrois recognised the same 
zone at Chapmans ford, where banded flints occur in layers 
at distances of 14 to 3 feet apart. The large quarry near Hurst- 
bourne Priors shows soft chalk in horizontal beds, with black 
flints in layers about the same distance apart, and here Professor. 
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Barrois obtained many fossils. Of this Mr. Westlake writes that 
it is known locally as the Bee House pit, and that “ evidence as 
to the horizon of this pit has been furnished by the recent cuttings 
on the Hurstbourne and Fullerton branch, about a mile west of 
the pit, and 100 feet above it, which contain M. coranguinum 
and £. conicus” (=Galerites albogalerus), and Actinocamaz verus 
is recorded by Professor Barrois. 

To the east of Whitchurch is another large quarry at the Whiting 
works, described by Professor Barrois as containing layers of large 
cavernous flints at distances of 3 to 6 feet ; in the upper parts are 
banded flints, and 3 feet from the top a yellowish layer with a 
marked upper surface. This pit is clearly in the M. coranguinum 
zone, and Mr. Westlake says the cutting at the South Western 
Railway station, 100 feet above the pit, has furnished numerous 
Micraster coranguinum and Galerites albogalerus. Of the flints in 
this cutting Mr. Charles Griffith, of Winchester, writes that they are 
very numerous both in layers and as scattered nodules, that inside 
they are sometimes black, but more often grey or brown, and fre- 
quently mottled with moderately thick crusts. There is a layer 
of very large flat flints at the top near the bridge, which seems 
to show an easterly dip. 

Of the quarry mentioned by Prof. Barrois at ‘“ Norrington,” 
Mr. Westlake writes :—“‘ By this name, taken from the old one-inch 
map, is intended the pit at Southington corn-mill, half a mile west 
of Overton. The railway cutting at Overton Station, 100 feet 
above this pit, contains numerous M. coranguinum and E. conicus. 
I have failed to find EZ. conicus in the Southington pit, and I refer 
it to the same horizon as the whiting pit at Whitchurch,” where it is 
very rare—namely, to the lower part of the M. coranguinum zone. 

On the great railway cutting north of Micheldever Station, Mr. 
Charles Griffith kindly furnishes me with the following notes :— 
“The chalk is solid, moderately soft, with very many flints ; these 
are of all shapes and sizes, in layers and scattered, skins very thin 
to fairly thick, interior generally black but sometimes grey. 
Echinoderms are remarkably abundant (Galerites, Echinocorys, 
Micraster, Cidaris, Cyphosoma, etc. ; see list), Actinocamaz verus 
is not uncommon here, but I refer the chalk to the upper part of the 
M. coranguinum zone.” In this opinion Mr. Westlake concurs. 

Professor Barrois states (op. cit., p. 49) that Andover is also 
probably on this zone, though some of the higher ground to the east 
of the town may consist of the Marsupttes chalk. 


2. Zone of Marsupites. 


The extent of this zone in the northern part of Hampshire is at 
present quite uncertain, because no one has yet explored the region 
with a view to separating it from the overlying zone of Actinocamaz 
quadratus. When Professor Barrois made his researches he in- 
cluded in his zone of Marsupites the greater portion of the chalk 
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which we now refer to that of Act. quadratus, and consequently 
we cannot be guided by his references to the zone except where he 
actually records plates of Marsupites, and this is only in one 
instance (Harewood, near Andover). 


Mr. Griffith however informs me that he is right in referring 
the large quarry near Chinham, 1} miles north of Basingstoke, 
to the zone of Marsupites, for plates of that fossil have since been 
found there in abundance. Professor Barrois describes the chalk 
seen in this quarry as soft and white, containing a few rounded 
flints, which are either white or yellow outside, and occur as scat- 
tered nodules, not in layers, though there are some thin flint seams 
(lits tabulaires). Messrs. Griffith and Brydone have collected 
many fossils here, and the list will be found on p. 191. 


It seems probable that near Basingstoke the continuity of the 
Marsupites zone is broken by a gentle uplift connected with that 
of the Kingsclere district, and that, as already stated, most of the 
chalk near Basingstoke, and that exposed between Overton and 
Whitchurch, belongs to the zone of M. coranguinum. 


West of Whitchurch, however, higher beds appear to come in 
again, for, on the highest ground occupied by Harewood Forest, 
Professor Barrois found plates of Marsupites between Hurst- 
bourne and Andover, the exact position of which he does not 
state, but mentions that the flints are rather large, banded, and 
yellow outside. 


There are also two quarries east of Andover which, according 
to Mr. Griffith, may be referred either to the zone of Marsupites 
.or to that of Act. quadratus. One of these is by the old road east 
of the town, but has not yielded many fossils; the other is a large 
pit on the road to Micheldever, and has yielded a number of 
small fossils, Offaster pillula being not uncommon at the upper 
end of the pit, but Marsupites have not yet been found at either 
place. 


This zone in all probability occupies some considerable area 
to the north of Andover, beneath the Dole Wood district, for Mr. 
Westlake states that at Frenches Copse, south of Hurstbourne 
Tarrant, the Eocene rests on the zone of Marsupites.* 

It may also be exposed at the northern end of the third 
cutting on the railway north of Burghclere Station, for Mr. Rhodes 
(collecting for Mr. Bennett) obtained a plate of Marsupites there. 


4, Zone of Actinocamax quadratus. 


This zone appears to come in at certain places along the central 
part of the Chalk area between the anticlines of Winchester and 
Kingselere. Probably it only occurs in the form of outliers in the 


* Tn the History of St. Mary Bourne, by E. Stevens. 
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central parts of the deeper synclinal troughs. For the following 
notes I am indebted to Mr. Charles Griffith :—“ A disused chall-pit 
at Weston, by the side of the railway, three miles south of Michel- 
dever Station, has yielded many specimens of Offaster pillula and 
many Bryozoa, and as in our experience Offaster pillula only occurs 
above the chalk in which Marsupite plates have been found, I am 
disposed to assign this pit to the lower part of the Act. quadratus 
zone, and to place it on the same horizon as the chalk exposed at. 
the top of the large quarry east of Andover. 


_ “Two specimens of <Actinocamaz granulatus were found in 
1898 in a pit two miles north of Sutton Scotney, on the east side 
of the road to Whitchurch, and Offaster pillula was found in a pit 
on the south side of Sutton village. Act. granulatus has also been 
found in one of the quarries east of Andover.’”’—(C.G.) 


_ It is possible also that some part of this zone may come in to the 
north-west of Andover, near Hatherton and Tangley, on the borders 
of Wiltshire, for in all probability there is a synclinal axis running 
from south-east to north-west, parallel to the anticlinal axis of the 
Bourne Valley (St. Mary Bourne to Vernham’s Dean). Part of 
this tract west of Ibthorpe is 300 feet or more above the outcrop 
of the Chalk Rock in that village, a height which with the 
contributing dip would probably suffice to bring in the Act. 
quadratus zone. 


List of Fossits FROM THE Upper CHALK OF NoRTH 
HAMPSHIRE. 


The following list of fossils from the Upper Chalk of North Hamp- 
shire has been compiled from several sources. 


_ That of the Chalk Rock and associated beds is partly from collec- 
tions made by Mr. J. Rhodes for the Geological Survey, partly 
from a list sent me by Mr. C. Griffith, and from lists given by 
Mr. Westlake in Dr. Stevens’ History of St. Mary Bourne; those 
obtained from Litchfield, Kingsclere, etc., are indicated by the 
letter r, and those from Stoke by the letter s. 

_ The fauna of the. M. coranguinum zone is compiled from the 
following sources; (n) that given by Mr. Westlake from the 
New Barn cutting, Whitchurch ;- (b) from Professor Barrois’ 
list of the Bee House quarry, Whitchurch, supplemented by 
the results of Mr. Griffith’s collecting at the same place; and, 
lastly (m) from a list, kindly furnished by Mr. Griffith, of fossils 
found by him and Mr. Brydone in the cutting at Micheldever. 


The species recorded from the higher zones are entirely due to 
the diligent collecting of Messrs. Griffith and Brydone, who have 
most generously placed their lists at my disposal. The letters in 
these columns signify the following localities: a Andover, c Chinham, 
o Odiham, t Sutton Scotney, w Weston. 
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Hops a Zi f Ze f 
«planus | Zone o: Zone ot one 0 
—__ and Micr. coran- Act. quad- 
M.cortes- | guinum. | Marsupites.| “ yatus, 
tudinarium. 
Pisces. 
Cimelichthys lewesiensis, Leidy : : : _- m a - 
Corax falcatus, Ag. - - - nbm _ - 
Enchodus lewesiensis, M ant. - - : - _ b a - 
Lamna appendiculata, Ag. . : _ n bm _— _- 
i semiplicata ? "dg. - - - - _ n — _ 
Oxyrhina crassidens, Ag. - : - : . = n nm. — _ 
my Mantelli, Ag. - . - 8 n m _ _ 
Ptychodus latissimus, Ag. . : : : - n m. _ - 
fsa mammillaris, 4g. - - - - —- n — _ 
” polygyrus, 4g. a 3s . = n m - - 
Cephalopoda. 
Ammonites pedal peramplus, Mant. . r 8 = _ _ 
Baculites bottemicus, Pritech. a r B - _- _ 
Heteroceras sp. - oe - re —_ = = 
Scaphites Geinitzi, @Ord. - - : : r — _ — 
Actinocamax grantlatus, Blain. - - = —- — — a t 
rus, Miller - - - : - bm _ _ 
Nautilus millers, @Ord, - - ros _ as — 
Gasteropoda. 
Aporthais Mantelli, Gard. - - : r _ _ - 
Avellana, cf. Humboldti, Muller - T - _ _ 
Cerithium Saundersi, Woods - - - r _- — _ 
Natica vulgaris? Reuss - - : - r _ —_ _ 
Pleurotomaria perspectiva, Mant. - : - r 8 m = _ 
Trochus Schliiteri, Woods - = - - - - Tr _ _ _ 
Turbo gemmatus, ‘Sow. - . - 8 — ae = 
» Sp. + a = * - 8 iF: ae = 
Lamellibranchiata. 
Avicula sp. - . - - . - - = = a a 
Inoceramus sp. - a er, _ nbm aco w 
sp. like Tatus, d'Or. - fe r 8 - _ - 
Lima’ "Hoperi, Sow. - - : — n m c — 
rf leviuscula, Sow - - - : - _ _ = w 
» pectinata,d’Orb. - - . : . r b. a w 
Ostrea acutirostris, Niss. ee ee = = a pay 
- curvirostris, Nilss. . : - - n Db. a Ww 
» canaliculata, Sow. (= lateralts) : : 8 n b. ac w 
»  hippopodium, Nilss. - - . 8 n b a - 
»  Dormaniana, d'Orb. - 8 ee _ b a _ 
»  semiplana, Sow. = - - - - — Dd _ _ 
» vesicularis, Lam. - - - _- n b a o — 
»  ungulata, ‘Schioth.- - - - - - —_ _ — w 
wegmanniana, d’Orb.- - - : —_ nbm a ° w 
Pecten cretosus, Defr. (=nitidus, Mant. ) - n b’m a w 
ir eithea) sex-costatus, Sow. - - —_ n ° w 
7 ‘Neithea) Dutemplei, d'Orb. - - - bm - = 
Plicatula sigillina, Woodw. - - oe - r n bm a = 
Septifer lineatus, Sow. - - r 8 b - aad 
Spondylus dutempleanus, a'Orb. - - - _ b a w 
a latus, So ee r n bm ac oOo w 
spinosus, Sow . : : r 8 n b.m ° w 
Trapezium trapezoidalis, Roem. - r _ —- - 
* Brachtopoda. 
Crania egnabergensis, Retz. - _ m _ 
» _ parisiensis, Defr. - —_ D a i 
Rhynchonella Cuvieri, d’Orb. - oF _ - _ 
o limbata, Schloth. - - —_ b _ = 
eS Plicatilis, Sow. - - r 8 n bm a w 
reedensis, Eth. - - - r ) n b aco w 
Terebratula carnea, Sow. - - - - 8 m - a 
af obesa, Sow. - - _ m _- - 
a semiglobosa, Sow. - - - r 8 n m _ - 
sexradiata, Desh. - : - - _- n bm a = 
Terebratulina gracilis, "Schloth. (? Rowei) - _ _— a w 
striata, Wahl. - - - - _ nbm aco w 
Thecidium Wetherelii, Morris - : : _ nobm ac Ww 
Bryozoa. 
Ceriocava ramulosa, Mich. - : . _- n a w 
Lunulites cretaceus, Defr. * 2 - b ee = 
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M. cortes- 
tudinarium. 


Zone of 
Mier. coran- 
guinum. 


Zone of 
Marsupites. 


Crustacea. 


Pollicipes glaber, Roemer 2 8 & 
Scalpellum semiporcatum,Darwin- - — - 


Annelida. 


Serpula ampullacea, Sow. 
» fluctuata, Sow. 
»  granulata, Sow. 
n plexus, Sow. 

» turbinella, Sow. 


Echinodermata. 


Bourgueticrinus ellipticus, Mi - 
gp. nov.- - - 
Cidaris clavigera, Kénig - 
» _ hirudo, Sorig. - 
»  perornata, Forbes- 
» sceptrifera, Mant. 
” serrifera, Forbes - 
‘i subvesiculosa, d'07d. 
Cyphosoma sence xo é Fe ries 
» radiatum, Sorig. (= simplex 
a4 corollare, Klein - + = 


” Bp. - a : = is 
Echinocorys scutatus, Leske - - 

a ‘s var. pyramidata 
Epiaster gibbus, Lam. - - - 
Galerites albogalerus, Leske - 

»  subrotundus, Mant. 
Holaster planus, Mant. - - 

eS placenta, 4g. - - 
Infulaster excentricus, Forbes 

Marsupites testudinarius, Schloth 
Metopaster Parkinsoni, Forbes 
* uncatus, Forbes _- 


” 8p. ie fe 
Micraster coranguinum, Leske 
as cortestudinarium, Goldf. 
77 Leskei, Desm. - - 
ay oe Rowe. - 
Offaster pillula, Lam. - - 
Ophiura serrata, Roemer- = - 
Oreaster bulbiferus, Forbes - 


3 pistilliferus, Forbes 
. Pentacrinus sp. sho fs 
Salenia granulosa, Forbes : 
Uintacrinus westfalicus, Schliit. 


Actinozoa. 


Axogaster cretacea, Lonsd. - 
Caryophyllia cylindracea, Reuss 
Epiphaxum auloporoides, Lonsd. 
Parasmilia centralis, Mant. - 


Spongida. 
Cephalites paradoxus, 7. Smith = - 
Cliona cretacea, Portl. - | - - 
Porosphera globularis, Ph. - = - 
i pileolus, Lam. - = 
s Woodwardi, Carter 
Ventriculites cribrosus? Phil. - - 
n impressus, T. Smith - 
. mammillaris, 7.Smith 
n radiatus, Mant.- - 
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CHAPTER XV. 


THE UPPER CHALK IN 
NORTH WILTSHIRE AND WEST BERKSHIRE. 


GENERAL REMARKS. 


We shall regard North Wilts as including the whole of the 
Vale of Pewsey, as well as all that part of the county which lies 
north of a line drawn east and west from Westbury to Ludgershall. 

The boundary line formed by the outcrop of the Chalk Rock 
has been mapped chiefly by Mr. F. J. Bennett, and many exposures 
have been noted by him and some by myself, for the rock-beds 
have been quarried for many years to obtain road metal. The 
Chalk Rock was well known to the Rev. S. Townsend at the 
beginning of last century, and is noticed by him in the following 
passage*:—“In descending the hills from Everley to the Vale of 
Pewsey a second bed [of chalk] appears, hard, rubbly, and tinc- 
tured with green, improper for the uses to which the former is 
applied, and fit only for the highways.” 

On the south side of the Vale of Pewsey no great thickness 
of Upper Chalk comes in, probably less than 200 feet, and not 
reaching higher than the middle of the zone of Micraster coran- 
guinum. North and north-east of the Vale a greater thickness 
comes in, and near Marlborough there is probably quite 
300 feet of Upper Chalk, but as nothing higher than the 
M. coranguinum zone comes in below the Eocene, we must 
suppose that the higher zones have been overlapped by the 
Eocene in passing from east to west. 

It will be convenient to describe in this chapter what is known 
of the Upper Chalk in that part of Berkshire which adjoins Wilt- 
shire, that which lies to the north of the river Kennet and west 
of the Thames valley. This district includes the greater part of 
the chalk area of Berkshire, but with the exception of the base- 
ment beds (Chalk Rock) little is known about it. 

The higher portions of the Chalk are largely covered by “ clay 
with flints”” and remanié Eocene material, but chalk is exposed 
on the slopes of all the valleys which drain south into the Kennet 
and its tributary the Lambourn. The beds belong to the zones 


*The Character of Moses established for Veracity, &c., 4 to p. 98, 1813: 
a work which contains much more geological information than might be 
expected from its title. 
6821 N 
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of Micraster cortestudinarium and M. coranguinum, and it is 
improbable that any higher zone emerges from beneath the Eocene 
in this region. 

The sections in the valley of the Thames will be more conveniently 
considered in the following chapter with those in the adjoining 
parts of Oxon and Bucks. 


A.—NortH WILTSHIRE. 


In 1901 Mr. E. Meyrick and the members of the Marlborough 
College Natural History Society made a systematic search for 
fossils in the various quarries and exposures within reach of 
Marlborough, and the specimens found were sent to me for 
identification. It is entirely due to the search conducted by 
Mr. Meyrick that I am able to give the list of fossils that will be 
found on page 200, for it had previously been supposed that the 
Chalk Rock was not very productive in North Wiltshire, nor 
had the higher zones been definitely recognised. 


The Chalk Rock Beds. 


The zone of Holaster planus is probably represented in 
Wiltshire by the Chalk Rock which usually consists of several 
courses of compact cream-coloured limestone, each course termin- 
ating upward ina layer of green-coated nodules. These nodules 
are lumps of chalk which have been rolled and slightly phos- 
phatised on the sea-floor. 

There are many old quarries in the Chalk Rock on the summit 
of the Downs east of Westbury, but most of the sections are 
shallow, and do not expose more than 3 or 4 feet of the rocky beds. 

A deeper exposure was found by my colleague, Mr. Bennett, 

‘in a quarry on Stoke Hill, south of Earlstoke, where the following 
beds were seen :— 


Feet 
White chalk with flints 24 
Layer of green-coated nodules - 4 
Hard nodular chalk without green nodules 6 
Hard nodular chalk with four layers of green-coated nodules 3 
Hard cream-coloured chalk rock seen for 1} 


In another pit about two miles south-east of Earlstoke the 
hard cream-coloured rock is exposed for 3 feet without being 
bottomed, so the Chalk Rock beds are more than 12 feet thick 
in this district. 

On Redhorn Hill, south-east of Urchfont, part of the rock is 
exposed in quarries on each side of the road, and the beds seen 
were :— 


: Feet. 
Hard white compact limestone with glauconite grains 
and two layers of green-coated nodules - 3h 
Very hard compact limestone without green grains - 1 


ry 


Talus below. 
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Mr. Bennett has traced the outcrop of the Chalk along the 
southern border of the Vale of Pewsey, but reports that there 
are no good exposures of it. 


On the hill west of Enford (Avon Valley) a well was sunk in 
1890 by Mr. J. W. Titt, of Warminster, who has given me the 
following particulars of the beds passed through ;— 


Feet. 

Chalk with many flints - - - 104 
Hard rocky chalk (sample of Chalk rock ait - 18 
Solid white chalk - - 72 
194 


At the eastern end of the vale the outcrop of the Chalk Rock 
curves round the village of Tidcombe, and runs along the west 
side of Botley Hill, passing thence into the Vale of Shalbourn ; 
but the space on the ridge east of Marton, from which the rock 
beds have been removed, is not more than a quarter of a mile 
in length. 


From this ridge the outcrop is continuous westward along the 
northern side of the Vale of Pewsey, the northerly dip increasing 
till between Durley and Hewish there are dips of from 20° to 30°. 
It is exposed in the cutting on the new railway N.W. of 
Savernake Station. 


A good section of the rock was recorded by Mr. Whitaker in 1861 
near the top of the hill on the road N.N.E. of Oare ; he describes 
it as showing over 11 feet of hard-rocky chalk with six layers of 
green-coated nodules, each of the latter being 2 or 3 inches thick.* 
Mr. Bennett examined this section in 1889, and sends me the 
following account of the exposure then visible :— 

Feet. 

2 


Chalk with flints - - 

Massive white chalk with a few flints scattered throws it - 10 

Hard cream-coloured chalk-rock with four layers of green- 
coated nodules ; base not-seen Fn - 7 


West of St. Ann’s Hill the Chalk Rock beds occur only in out- 
-liers, and many shallow quarries have been opened to get stone 
for road material. One of these, on Bishops Cannings Down, 
as seen in 1888, was about 7 feet deep, showing 3 feet of rubbly 
nodular chalk overlying 4 feet of hard compact rock, with layers 
of green-coated nodules. 


On Morgans Hill, still further west, there are several small 
quarries, and one at the north-east end showed about 6 feet of rock, 
the central bed about 2 feet: thick, and consisting of hard lumps em- 
bedded in soft greyish-white chalk with many fossils and fragments 


*Quart. Journ. Geol. Soc., Vol. xvii. p. 167. 
6821 N 2 


THE CRETACEOUS ROCKS OF BRITAIN. 


196 


‘yjnex *o "yyeug qeddq 
ueaz0qPg ae) 


"gag d ‘nx ‘JOA “OOSSY “[Oox) ‘OOIG Worg “SezZlAeq] Jeou ‘ITH 8.uesi0oyy YSno1yy uoIeg—'T¢ “SIT 


$4 OOTL =LUSA FONT Y “MIIWI=szkIwis atvog 


NORTH WILTSHIRE AND BERKSHIRE, 197 


of brown phosphate. The beds above and below were of the ordinary 
compact kind, with layers of green-coated nodules. 


On Oldbury Hill, a pit north-west of Witch Plantation shows 
2 feet of rubbly chalk resting on hard compact limestone with 
green-coated nodules. A similar section is exposed in another pit 
to the eastward (see p. 198). 


These facts suggest that the complete succession in this district 
would be as follows :— 


Feet. 
Compact limestone beds with layers of green-coated 
nodules ; some fossils - 5 
Soft chalk with hard lumps, many fossils - 2 
Beds of compact limestone with layers of green- 
coated nodules ; some fossils - 5 
12 


The following notes on exposures of the Chalk Rock near Mar!- 
borough are by my colleague, Mr. F. J. Bennett. 


West of Marlborough the Chalk Rock runs along Overton Hill, 
where it is exposed in a small pit. A better exposure occurs in 
the Valley of Stones, north of Pickledean Barn, where about 
3 feet of the rock is seenyand from this exposure the members of 
the Marlborough College Natural History Society have obtained 
many fossils. There is another quarry east of Down Barn in the 
same valley, exposing about 9 feet of rock, with four layers of 
green-coated nodules. 


In Marlborough the rock is exposed in a pit in the field north 
west of the “Marquis of Ailesbury’s Arms”; it was seen in 
the foundation trenches for the new buildings at Marlborough 
College, about 6 feet from the surface, and the outcrop runs east- 
ward to Mildenhall. 


North of Marlborough the best section is in a quarry west of 
Ogbourn Maisey, and is as follows :— 


Feet. 
2 


Soft chalk with flints - ae - 
Chalk Rock—hard yellowish limestone in six courses with a 


layer of green-coated nodules at the top of each course 8 
Middle ¢Hard nodular whitish chalk - - + - 5 
Chalk. {Soft blocky chalk - - - 7 7° - 3 

18 


Here also the rock-beds contain many fossils. There are also 
quarries in the Chalk Rock on the brow of Hackpen Hill to the 


N.W: 
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Zone of Micraster cortestudinarium, 


The beds of this zone do not appear to be frequently exposed in 
North Wilts, but the chalk which directly overlies the Chalk 
Rock probably belongs to it. 


To this zone may be referred the white chalk with scattered 
flints which overlies the Chalk Rock on Oare Hill (see page 195), 
and Mr. Meyrick informs me that Micraster precursor and 
Echinocorys scutatus have been obtained from this chalk. 


Similar chalk is exposed in a quarry at the south-eastern end of 
Oldbury Castle Hill, and of this Mr. Meyrick sends me the follow- 
ing particulars; ‘The depth of chalk exposed is not more than 
6 feet and it consists of whitish chalk, some parts of which are 
very hard; flints of rather small size are scattered throughout 
irregularly, and there is one well marked layer about 2 feet from 
the surface. Hchinocorys scutatus, Micraster precursor, Cyphosoma 
radiatum and a féw other fossils were found.” 


What appears to be the downward continuation of this chalk 
and its junction with the Chalk Rock is shown in another pit 
half a mile north of the last. Thesection here, as communicated 
by Mr. Meyrick, is as follows :— 


; Feet. 
Rough chalk with scattered flints like that above described, 
Micraster precursor, Echinocorys scutatus, and Ventricu- 


litesimpressus - - = © = a ed 3h 


Chalk Rock, very hard and full of large green-coated 
nodules; many fossils including Crioceras ellipticum 
and T'rochus Schliitert seen for 24 


Another pit on the same hill at the south-east corner of the 
old camp appears to be in the beds which overlie the Chalk 
Rock. The section (as seen by me in 1888) was— 


Feet. 
Soft white chalk with a layer of large white-coated flints at 
the base - 7 2 - 3 


Hard rubbly rock with some fossils, but without any green- 
coated nodules a ee seen for 6 


The first cutting on the railway north of Marlborough passes 
through chalk with many layers of flints, but no further informa- 
tion respecting it has come into my hands, except that the beds 
dip southward, and probably include parts of both the zones 
of M. coranguinum and M. cortestudinarwm. 


The well at Marlborough Station reached Chalk Rock at a 
depth of about 150 feet, and the well at the Waterworks is 1434 
feet deep, entirely through Upper Chalk, according to informa- 
tion furnished by Mr. Fairbank, the engineer, to Mr. F. J. Bennett. 
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There is another well at Messrs. Long and Barry’s brewery, of 
which the following account has been given:—* 


eet. 

Old well, dug - - ‘ee 
Bored through soft chalk without flints -  - 44 
Chalk with 4 layers of flints - - - 81 
Hard chalk - - - 6 
Mixture of chalk and flin 8 
Chalk with flint at the bottom 6 
Hard chalk - ‘ 6 
Chalk with flints at 135 feet and 140 feet ll 
Chalk and fragments of shells 4 
Chalk and flints 6 
150 


It is stated “The Chalk Rock was apparently reached at a 
depth of 106 feet, but the chalk was so crushed that this is un- 
certain.” 


3. Zone of Micraster coranguinum. 


The best exposure of this zone near Marlborough is in the 
deep cutting at the northern entrance to the tunnel on the 
Midland and South Western Junction Railway south of the town. 
For the following note of this section I am indebted to Mr. 
E. Meyrick :— 


White chalk, without flints about 15 feet 
Layer of continuous tabular flint = - : 3 to 4 inches 
White chalk, without flints = - >: about 15 feet 
White chalk, with three layers of rather distant flints ,, 10 feet 
Layer of continuous tabular flint a 2 inches 
White chalk with two layers of flints - » 10 feet 


About 50 feet 


No fossils could be found in the chalk, but the upper flint- 
layer contains fragments of a large flat Znoceramus, some small 
sponges (Siphonia Kenigi) and a Ventriculite. 


The quarry on the west side of the Salisbury Road, south-east 
of Marlborough, seems to belong to this zone and has yielded 
Micraster coranguinum and Cidaris perornata. From anothor 
quarry near Cadley, about two miles south-east of Marlborough, 
Mr. Bennett obtained a portion of the Asteroid Metopaster 


Mantelli. 


*Rep. Marlborough Coll. Nat. Hist. Soc., No. 36, p. 132 (1888). 
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Zone of Holaster planus, 


Morgans Hill. 


» 


Oldbury Hill. 


os 


Pickledean Barn. 


° 


Ogbourn Maisey. 


a 


Hackpen Hill. 


o 


to Z. of M. cortestudinarium. 


Z. of M. coranguinum. 


oo 


Pisces. 
Corax falcatus, Ag. (loc. uncertain) 
Ptychodus sp. - 


Cephalopoda. 


Ammonites [Prionocyclus] Neptuni, Gein. 
7 (Pachydiscus] peramplus, Mant. 


(Prionotropis] Woolgari, M ont - 


Baculites bohemicus, Fritsch - - 
Crioceras ellipticum, Mant. 
Scaphites Geinitzi, d’Orb. 

Nautilus sublevigatus, d’Orb. - 


Gasteropoda. 
Pleurotomaria perspectiva, Mant. - 
Solariella gemmata, Sow. (Turbo) 
Trochus Schliiteri, Woods - 
Turbo Geinitzi, Woods - 


Lamellibranchiata. 
Cyprina quadrata, Sow. - - 
Inoceramus Cuvieri, Sow. 
ss striatus, Sow. 
sp (large) : 
Pecten Nilssoni, Guldf. - 
(Neithea) 5-costata ? Sow. 
Spondylus spinosus, Sow. - 
Brachiopoda. 


Rhynchonella reedensis, Eth. - 
” plicatilis, Sow. - = 


var. octoplica ta, Son. 


” 
Terebratula biplicata, Sow. - 
5 permuglopeee Sow. 
: cirnea, Sow 
Terebratulina gracilis, var lata, Eth. 


Crustacea. 
Palega Carteri, H. Woodw. - 


Echinodermata. 

Cidaris percrnata, Forbes. - 
Cyphosoma radiatum, Sorig. - - 
Echinocorys scutatus, Leske - 
Holaster planus, Mant. - - : 
Metopaster Mantelli, Forbes 
Micraster Leskei, Desm. - 

33 precursor, Rowe 

ss coranguinum, Leske 


Actinozoa. 
Parasmilia centralis, ae: - 


Spon: 
Camerospongia Pic T. Smith - 


Coscinopora quincuncialis, T. Smith 
Doryderma ramosum, Mant. : 
Heterostinia obliqua, Benett - - 
Phymaplectia cribrata, Hinde- 
spinosa, Hinde - 
Plinthosella nodosa, Hinde : 
Ragadinia compressa, Hinde - 
sulcata, Hinde 

Siphonia Konigi, Mant. - : - 
Thammospongia glabra, Hinde 
Thecosiphonia nobilis, Roemer : 
Ventriculites decurrens, T. Smith - 
impressus, 7’. Smith - 
mammillaris, 7. Smith 
radiatus? Mant. - 
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2.—West BERKSHIRE. 


The Chalk Rock Beds. 


White Horse Hill is the northern termination of a ridge which 
carries two long outliers of Upper Chalk based upon Chalk 
Rock, the southernmost extending nearly to Lambourn. 


Mr. F. J. Bennett found the Chalk Rock exposed in several of 
the roadways near Lambourn and informs me that one of the 
best sections was on the road leading up hill from Bockhampton, 
about a mile south-east of Lambourn ; this shows the base of 
the rock, and the beds seen are :— 


Feet. 
Hard cream coloured chalk with a oo of green-coated nodules 
at the top 6 
Hard nodular white chalk - * = 8 


From Lambourn the outcrop of the rock runs northward to 
Sparsholt Down, and thence eastward along the summit of the 
main escarpment. Along this tract the rock-beds have heen 
quarried at frequent intervals for road metal,so that many sections 
of these beds have been exposed from time to time, but they are 
mostly shallow quarries following one or more of the hard beds, 
and none of them exposed so much as 20 feet of chalk. 


One of the best sections open in 1887 was in a quarry on the 
north-east side of Sparsholt Down, and as soft white chalk was 
exposed at the top it would seem that the rock-beds here worked 
are the very highest of the group. The succession seen by me 
was as follows :-- 


Feet. 
Soft-white chalk, breaking into thin platy pieces with nodules 
of light grey ‘flint at the base = 3 
Hard compact white limestone without green grains; large 
green-coated nodules in the upper6 inches’ - 14 
Hard nodular greyish chalk 3 
Greyish lumpy or nodular chalk with three layers of green 
nodules - 34 
Hard yellowish fiesione with green nodules and some 
glauconite - - -seen for 14 
124 


Trochus Schliitert, Terebratula carnea, and a Micraster were 
obtained here. 


The next good exposures visible in 1887 were on the hill south 
of Letcombe Basset, and in the more westerly quarry near Gramps 
Barn the section was :— 

Feet. 
Rubbly white chalk without flints = 2 
Hard whitish limestone with a layer of green-coated nodules 
at the top eg - 13 
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Feet. 

Hard rubbly chalk, whitish and passing into rock above, grey 
and looser below - 5 
Two layers of hard rock with green grains, each having 
a layer of green-coated nodules at top, and each passing 
down into hard lumpy chalk - = 4 
Green-coated nodules and layer of hard rock 14 


3 


14 


Hardly any fossils were to be found, and in comparing this 
section with the preceding it seems clear that what is wholly 
nodular chalk for 34 feet in the former is here replaced by beds 
which partly consist of compact limestone. 


On Wantage Down there are old excavations of considerable 
extent, but they do not appear to have been deep. 


The rock has also been largely quarried on both sides of the 
plantation north-west of Cuckhamsley Knob. The fossils col- 
lected by the late Mr. Montague Smith, and now in the Wood- 
wardian Museum, Cambridge, were obtained chiefly from the 
old pits on the west side of the plantation. The fossils in this 
fine collection have recently been described by Mr. H. Woods.* 
On the east side of the plantation a large pit was open in 1887, 
and the following section exposed :— 


Feet. 
Hard lumpy chalk with Micrasters and Sponges, and a layer 
of scattered flints - 7 
Irregular band of greyish chalk about 1 
Hard lumpy chalk, as above, but without flints 6 


Hard compact limestone with a layer of green-coated nodules 
at top and another about 3 feet down ; green grains occur, 
seen for 4 


18 

From the upper beds I obtained Micraster Leskei, Spondylus 
spinosus, and Coscinopora quincuncialis. The rock did not seem 
to yield many fossils, and I did not discover the specially fossil- 
iferous layer worked by Mr. M. Smith. The lumpy or nodular 
chalk is probably an expansion of the central beds of the Chalk 
Rock, and consequently referable to the Hol. planus zone. Part 
of the same succession is exposed in a quarry on East Hendred 
Down, 14 miles south-west of Chilton, but did not in 1887 show 
so much of the lumpy chalk. Another pit on Bury Down §.8.W. 
of Chilton shows just the same succession as at Cuckhamsley. 
No section in higher beds was seen along the escarpment. 


From Chilton Down the zone of H. planus runs south eastward 
into the Compton Valley, and thence for some distance up the 
branch valley to East Ilsley, where there are old quarries in the 
rock-beds. 


*See ‘The Mollusca of the Chalk. Rock,” Quart. Journ. Geol. Soc., 
Vol. lii. p. 68, and Vol. lili. p..377, (1896-1897). 
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From Compton Downs the outcrop of the Chalk Rock runs 
northward, and forms the bold flat-topped promontory of Churn 
Mill. The rock can be seen here and there in road cuttings or 


on the steep hill-sides between here and Streatley, but there are 
no good sections. 


The Higher Zones. 


The zone of Micraster coranguinum sweeps eastward from 
North Wiltshire into Berkshire,north of Hungerford,and probably 
occupies a considerable area beneath the tracts of Clay-with-flints 
by Shefford, Welford, Beedon, and Chieveley, but we have not 
been able to obtain any special information about it. 

With regard to the zone of Mursupites, since it exists in 
Hampshire, it is very probable that it comes to the surface 
again on the northern border of the Eocene tract, especially 
along the south side of the valley of the Kennet between 
Kintbury and Newbury. 

There is a quarry at Kintbury which was visited by the 
members of the Geologists Association in 1901,* under the 
direction of Mr. Osborne White, who describes the chalk exposed 
therein as very white and soft, and as containing very few ints j 
but near the top there is a bed of hard rocky cream-coloured chalk, 
the soft chalk is quarried chiefly for the manufacture of whiting, 
its purity and the scarcity of flints making it very suitable for this 
purpose. Fossils are also scarce and few were obtained during the 
visit of the Association, but these few were forwarded to me and 
I was able to identify the following :— 


Actinocamax granulatus ? (an alveolar end only). 
Spondylus sp. (? latus). Porospheera globularis. 
Echinocorys scutatus. Ventriculites quincuncialis. 


Mr. White specially searched for plates of Uintacrinus and 
Marsupites but could not find any. Nevertheless the position of 
the quarry and the characters of the chalk make it very likely 
that it belongs to the lower part of the Mursupites zone. 

Beds which seem to belong to the same part of the chalk are 
exposed at Suaw, near Newbury, and Mr. Rhodes obtained a fair 


number of fossils from them, which were identified as the 
following :— 


Actinocamax sp. Serpula ampullacea. 
Spondylus spinosus. »  Huctuata. 

5 latus ? Echinocorys scutatus. 
Magas pumilus. Galerites albogalerus. 
Rhynchonella plicatilis. Micraster coranguinum. 


Terebratula semiglobosa. Parasmilla centralis. 


FossiIbs FROM THE CHALK Rock BEps. 


Few fossils have been found in the Chalk Rock of Berks except 
at the quarry near Cuckhamsley or Quichelmsley Knob, a hill 
about four miles south-east of Wantage. No doubt they are equally 


* Proc. Geol. Assoc., Vol. xvii. page 389. 
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common at other places, but little search has been made for them. 
The late Mr. Montague Smith made a fine collection from Cuck- 
hamsley, and the species have been described, and many of them 
figured by Mr. H. Woods (see his papers in Quart. Journ. Geol. 
Soc., Vol. li. p. 68, Pl. ii., iii., and iv., and Vol. lili. p. 377, Plates 
XXviL. and xxviii.) :— 


The following is a list of the species named by Mr. Woods :— 


Cephalopoda. Solariella gemmata, Sow. 
Nautilus sublevigatus, d’Orb. Turbo Geinitzi, Woods 
Ammonites [Prionocyclus] Neptuni, 
Geinitz Lamellibranchiata. 

», [Pachydiscus] peramplus, Mant.| Arca cf. Galliennei, d’Orb. 
Baculites bohemicus, Fritsch »  ¢f. Geinitzi, Reuss 
Crioceras ellipticum, Mant. Cardium turoniense, Woods 
Hamites sp. 2 cf cenomanense, d'Orb,. 
Heteroceras reusseanum, d'Orb. 3 ef mailleanum, d’Orb. 

5 sp. Cardita cancellata, Woods 
Ptychoceras Smithi, Woods Corbis Morisoni, Woods 
Scaphites Geinitzi, d’Orb. Cuspidaria caudata, Sow. 

Cyprina [Arctica] quadrata, d’Ord. 
Gasteropoda. 3 equisulcata, Woods 
Aporrhais Mantelli, Gard. Inoceramus Brongniarti, Sow. 

e sp. + striatus, Sow. 

Avellana cf. Humboldti, Miller 55 sp. 
Cerithium cuckhamsliense, Woods Limopsis sp. 

3 Saundersi, Woods Martesia (7) rotunda, Woods 
Crepidula sp. Nucula sp. 
Dentalium turoniense, Woods Nuculana siliqua, Goldf. 
Emarginula Sancta Catharine, Passy | Ostrea semiplana, Sow. 

= two other species. Septifer lineatus, Sow. 
Lampusia sp. (=Tritonium) Spondylus spinosus, Sow: 
Natica vulgaris, Reuss sa latus, Sow. 
Pleurotomaria perspectiva, Mant. Trapezium trapezoidalis, Roemer 
Trochus Schliiteri, Woods 5 rectangulare, Woods 

berocscirense, Woods 


Besides the above the following were found during the survey 
of the district :— 


Terebratula carnea, Sow. _. Micraster Leskei, Desm. 
Coscinopora quincuncialis, 7. Smith. a cortestudinarium?, Goldf. 
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CHAPTER XVI. 


THE UPPER CHALK IN OXFORDSHIRE, 
BUCKINGHAMSHIRE, 
AND THE VALLEY OF THE THAMES. 


GENERAL REMARKS. 


In this chapter we shall describe the Upper Chalk of Oxford- 
shire and Buckingham, and shall notice some exposures which are 
actually on the Berkshire side of the Thames, between Streatley and 
Maidenhead, but which are naturally included in a purview of the 
Thames Valley. 

The description of this region divides itself naturally into two 
parts, (1) that of the escarpment ridge and the valley-heads by 
which it is breached, (2) that of the valley of the Thames. More- 
over, the valley of the Thames affords a double series of exposures, 
first in a series of quarries between Whitchurch and Shiplake, 
and secondly in another series between Wargrave, Henley, and 
Maidenhead, owing to a dome-shaped uplift which brings up the 
Chalk Rock with some of the Middle Chalk at and near Henley. 

The zone of Holaster planus in these counties often presents 
the aspect recorded by Mr. Hill in 1886,* having some beds of 
typical Chalk Rock at the base, and generally about 5 feet thick, 
succeeded by 14 or 15 feet of rough, lumpy, and nodular chalk, 
at the top of which there is sometimes (but not always) a second 
bed of hard yellowish limestone. © 

The zone of Micraster cortestudinarium consists of a variable 
series of beds, some of firm white massive chalk, some of rough 
lumpy chalk with occasional courses of hard yellowish rocky 
chalk, somewhat resembling Chalk Rock, but less compact, and 
never containing green nodules. 

These beds of nodular chalk and of hard chalky limestone 
form steep slopes, and it is to them that the picturesque features 
of what is known as the gorge of the Thames between Streatley 
and Pangbourn are due. 

The zone of Micraster coranguinum consists for the most part 
of soft white chalk in regular beds, with numerous regular layers 
of flints, and in the lower part | of the zone the layers of flints are 
chiefly of the sort called cariés by Hébert, rough outside and 
cavernous within, containing remains of sponges, among which 


*Quart. Journ. Geol. Soc., Vol. xlii. p. 244. 
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Doryderma ramosum is the most abundant. In the higher beds 
the flints are mostly solid and black or greyish black inside. 
Continuous seams of flint occur throughout. 


At Taplow higher chalk comes in, containing Actinocamaz 
granulatus, and therefore, in all probability, equivalent to the chalk 
of Cliffe and Gravesend. It is, however, remarkable in containing 
two bands of brown phosphatic chalk and a layer of hard 
nodular chalk resembling Chalk Rock. 


So far as can be judged from the thicknesses seen in the dif- 
ferent exposures, and from the data on which the section Fig. 52 
has been drawn, the average thickness.of the several zones in the 
valley of the Thames may be estimated as follows :— 


Feet 

Taplow Chalk (? Zone of Marsupites) - 50 
Zone of M. coranguinum - 200 
x M. cortestudinarium 60 

»  Holaster planus 20 


If the above estimates are correct there should be a thickness 
of about 330 feet of chalk between the top of the Chalk Rock and 
the base of the Eocene at Taplow. In this connection it is interest- 
ing to notice that in the deep boring between Windsor and Wink- 
field, made in 1893 at a spot only five miles nearly due south of 
Taplow,* the thickness of chalk between the base of the Thanet 
Beds and the top of the bed taken to be the Chalk Rock is just 329 
feet. The upper 79 feet of this was described simply as ‘‘ Chalk 
with flints,’” and no specimens of it were seen either by Mr. 
Whitaker or myself, so that we have no special information that 
would enable us to say what zones are present there. 


Mr. Whitaker has estimated that in the neighbourhood of 
Nettlebed, where there is an outlier of Eocene, not far from the 
main escarpment, about 300 feet of chalk comes in above the Chalk 


Rock.t 
STRATIGRAPHICAL DETAILS. 


1, Zone of Holaster planus. 


A good section of this zone is exposed in an old quarry facing 
the Thames in Harts-lock Wood opposite Basildon. The upper 30 


* See Quart. Journ. Geol. Soc., Vol. 1, p. 496 (1894). ; 
t ares the London Basin, Mem. Geol. Survey, Vol. iv. p. 48, 
(1872. 
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feet of the quarry-face is inaccessible, so that only the lower part 
was measured, the rest being estimated by eye :— 


Feet. 
White halk with flints - -  - - - about 12 
Soft white chalk without flints-  - 2 


(Soft powdery chalk with hard lime which weather 
out prominently ; contains a few scattered flints 
and a layer of ‘fints at the base. Micraster 
precursor common - - 16 
Hard compact rock with a layer at green-coated 
nodules at OE ; below it posers into lumpy white 
chalk 2 
Hard yellowish rock full ot green- Seated miodiitea? in 
the upper 6 inches, compact below but passing 


Zone of UH. plewe 


into nodular chalk 3 
es Less nodular white chalk passing into massive white 
=| a chalk - - 6 
ss Layer of grey marl just seen. 
© [Talus hiding lower beds - = 20 
61 


There-was no sign here of any rock-bed at the summit of the lumpy 
chalk, but the soft white chalk may be regarded as the base of the 
zone of Micraster cortestudinarwum. The Chalk Rock below has 
but few fossils. 


Another good section, where every bed can be easily examined, 
is in the road cutting on White Hill, east of Goring, and here the 
upper limit of the zone is marked by a thin bed of yellowish rock. 
The beds seen are as follows :— 


Feet. 
Soft white chalk with a layer of flint about half an inch thick 
at the base 5 
Hard yellowish role: in loose Terhee but without 
8 nodules. Ventriculites ; 1 
§ | Nodular chalk, consisting of hard limestone lumps 
‘OS |. embedded in loose powdery chalk with a few 
Bs scattered flints : ; . 12 
Qe Hard white limestone, without green grains, passing 
3 down into very hard compact yellowish rock full 
ise of green grains, with several layers of green-coated 
nodules (Chalk Rock) 5 
® Hard rock without green grains passing down into 
rg rough nodular chalk. - — - - 2 
wa | Layer of soft shaly marl - - 3 
=© | Firm bedded white chalk - — - oe: 
About 30 


Micrasters were here rare, but Echinocorys scutatus, Spondylus 
spinosus, and Terebratula carnea occurred in the nodular beds. 
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The next good section was ina quarry on Aston Hill, by the side 


of the road from Oxford to London. In 1887 this showed : 


Soft Prac chalk with a layer of flints in the middle 

Compact yellowish rock 

Dull white lumpy chalk, consisting of soft stealy 
chalk with hard lumps, very glauconitic at the 
base. Many fossils 

Loose rubbly rock with green grains, green-coated 
nodules, and many fossils 

Compact cream-coloured rock with a layer of nodules 
about 2 feet down seen for 


Zone of 
Holaster planus. 


Feet. 
6 
1 


14 
1 
4 


26 


A similar section showing the two rocks with 14 feet of inter- 
vening nodular chalk and about 10 feet of overlying chalk with 
flints is shown in a quarry, about 30 feet deep, by the main road 
near the top of Chinnor Hill. Fig 53 represents this quarry as 


seen in 1887. 


Me | 


Se eS oes Ss SES 
ye i5° 


ww” 


LSS Oey 
pes 


isa. 53.—View of a Quarry on ceases Hill. 


4. Chalk with several layers 2. Nodular chalk, hard lumps in 


of flints. soft mealy chalk. 


3. Upper bed of yellowish 1. Lower bed of rock with green 


Chalk Rock. grains and nodules. 


Mr. J. Rhodes made good collections of fossils from these 
quarries on Aston and Chinnor Hills, and lists will be found at the 


6821 


©) 


. 


oo 
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end of this chapter, but at the present time both sections are 
obscured by talus. 

In Bucks there are many exposures of “ Chalk Rock” along the 
sides of the valleys which breach the escarpment, and of the smaller 
valleys which open into them, but it is often difficult to say whether 
the particular rock exposed is at the base or top of these beds. 
Moreover, some sections show a succession of rock beds like those 
in some parts of Wiltshire, and no exposure has yet been seen in 
this county which shows a complete section through these beds. 
The following are records of some of the best exposures :— 

Some small pits at the end of Bledlow Ridge combine to show 
a succession like that in the quarries on Chinnor and Aston Hills, 
in Oxfordshire, viz., a lower hard and compact rock, nodular 
chalk for about 10 or 12 feet, and a thin upper rock, with some 
green grains and yellowish lumps. 

A pit on the hill about a mile east of Princes Risborough gave 
the following section of the Chalk Rock :— 


Ft. in. 
Rough nodular rocky chalk 3 0 
Layer of green-coated nodules - Oo 2 
Smooth yellowish chalk with hard concretionary lumps 3 0 
Green-coated nodules forming a layer at the top of rough 
nodular chalk 2 8 
Large yellowish nodules at the top of a bed of hard nodular 
yellowish limestone, probably the basal bed 1 0 
Nodular white chalk passing down into softer smooth 
chalk - 5 O 


The nodular chalk at the top yielded Holaster planus, Micraster, 
Am. [Pachydiscus] prosperianus, and Terebratula carnea. The 
lower beds contained Am. [Prionocyclus] Neptuni and a few other 
fossils (see p. 213.) 

Another good section of the junction of the Middle and Upper 
Chalk is visible in a chalk-pit at Great Missenden, 300 yards north 
of the church. The upper part was inaccessible at the time of my 
visit in 1885, but the thicknesses could be roughly estimated by eye, 
the succession being as follows :— 


Feet. 
Soil and rubble - 2 
Rocky layer with yellowish nodules, overlying nodular 
44] chalk with other layers of nodules - 6} 
‘3 8 ( Nodular chalk, hard at the top - 14 
7 | Hard yellowish compact rock with brownish 
phosphatic nodules at the top 1 


Soft white chalk in massive beds with three marly layers 29 


Sections in the Henley Inlier. 


This inlier is of very irregular shape, the outcrops of the Chalk 
Rock extending from the southern part of Henley up the Fair 
Mile Valley to and beyond Middle Assendon, and along the northern 
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side of the Thames Valley to Medmenham, as well as for some 
distance up the tributary valley beyond Hambledon. 

Mr. Whitaker has recorded a curious local disturbance in a pit 
just south of Middle Assendon, where the Chalk Rock is exposed, 
with dips in three directions, the sharpest being down the slope of 
the side of the main valley ; in this direction it dips at 10° to 25° 
south of west, and in the opposite direction (25° north of east) it 
dips at 4°, while there is a lesser dip of about 2° to the north-west. 

A more complete section of the Rock and its associated beds is 
visible in a large quarry at the entrance to Henley Park, about a 
mile north of the town. This pit is not now quarried, but the 
following particulars of the section were taken by Mr. Hill in 
1886 :— 

Feet. 


White chalk with several layers of flints - - 15 
Nodular chalk, consisting of hard lumps in 


RS a matrix of soft mealy chalk, with a few 
3. scattered flints—not regularly bedded 9 

8 | Similar chalk, hard lumps in a soft matrix, 

Qs no flints, except in a layer at the base, 
‘OR WWicraster precursor and Ter. semiglobosa -10 to 12 

2 Chalk Rock. Hard yellowish crystalline chalk 

Ss with green-coated nodules, upper surface 
clearly marked, but not the lower limit - 5 

Rather hard white chalk with a marly layer about 5 feet 
down ‘~ seen for 7 
About 48 


The best existing section is in a large quarry now worked less 
than half a mile west of Medmenham. For the following account 
of this section I am indebted to Mr. Hill, who visited it in 1899 :— 


Ft. in. 
Smooth white chalk with a few thin-skinned black flints 
(inaccessible in part) over 10 O 
Continuous seam of flint ol 
Firmer white chalk, slightly lumpy but not rough, a few 
scattered flints, Echinocorys scutatus 4 0 
Soft white chalk with many scattered flints 1 0 


Irregular lumpy white chalk with a very few 

small scattered flints, one Micraster preecurscr 

found 12 0° 
Chalk Rock. Hard creamy white limestone with 

two layers of green-coated nodules, the lower 

part passing down into firm white chalk 5 8 
Firm white chalk in thick massive beds, seen for about 40 0 


Zone of 
H. Planus. 


Over 70 O 


It will be noticed that this section differs from all those previously 
described, the beds above the Chalk Rock being much less nodular 
than usual, with fewer fossils, and soft white chalk coming on only 
12 feet above the Chalk Rock, instead of about 20 feet above, as 
near Henley. 
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All the sections in Oxfordshire certainly favour the view that 
the actual Chalk Rock might be taken as the top of the Middle 
Chalk, the beds resting on it being regarded as the base of the 
Upper Chalk. This was the view taken by Mr. Hill in 1886,* 
but a more extended experience has shown that elsewhere it is 
difficult to separate the rock from the beds above. 


Fossils FROM THE CHALK Rock BEps. 


Oxfordyhire. Buckinghamshire. 


Aston |Chinnor| Bled- | Risbo-| Wy- 
Hill. Hill. low. | rough. | combe. 


Cephalopoda. 
Ammonites [Prionoc.] Neptuni, Gein. 
9 [Pachyd.] peramplus, Mant. 
Wiesti ? Sharpe- 
Baculites bohemicus, Fritsch 
Hamites sp. 
Heteroceras (?reussianum, d’Orb.) 
Scaphites Geinitzi, d’Orb. 


ae | 
[TO Vane ea eae! | Same boae 
ie 


oe ee 


Gasteropoda. 
Avellana Humboldti, Miller 
Cerithium sp. - 
Dentalium turoniense, Woods 
Emarginula (cast) 
Nerineza sp. - 
Pleurotomaria depressa, Mant. 
si perspectiva, Mant. 
Trochus sp. - 
Solariella gemmata, Sow. 
Turbo Geinitzi, Woods - 


i i i <i i | 
ge | 
[a 
aaa ie ee 
,trRwt tt ttt 


Lamellibranchiata. 
Arca sp. - 
Cardita cancellata, Woods 
Nucula sp. 
Inoceramus Cuvieri ? Sow. - 
Pe sp. (small) P 
Ostrea normaniana, d’Orb. 
»  vesicularis, Lam. 
Spondylus latus, Sow. 
3 spinosus, Sow. 
Trapezium trapezoidalis, Roemer. 


Brachiopoda. 
Rhynchonella Cuvieri, d’Orb. 
‘5 plicatilis, Sow. 
reedensis, Hih. - 
Terebratula abrupta ? Tate 
3 carnea, Sow. - 
i semiglobosa, Sow. 
Terebratulina striata, Wahl. 


es ee ee 
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* See Quart. Journ. Geol. Soc., Vol. xlii. p. 244. 
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Fossils from the Chalk Rock Beds—continued. 


Oxfordshire. Buckinghamshire. 
Aston |Chinnor| Bled- | Risbo-| Wy- 
Hill. | Hill. | low. | rough. | combe. 
ia 
Bryozoa. 
Diastopora echinata, d’Ord (Berenicea).- | x - = = os 
» . grandis, d’Orb, 4 = x os is - 
Proboscina ramosa, Hdw. - -l x x = = on 
Echinodermata. 
Cidaris hirudo, Sorig. (spines). - x - - x 
Echinocorys scutatus, Leske - x x ~ ae a 
Holaster planus, Mant. x x iS x x 
Micraster Leskei ? Desm. x x - x x 
55 precursor, Rowe x x - ~ x 
Annelida. 
Serpula ampullacea, Sow. = x ~ a = 
ae fluctuata, Sow. x = = S 2 
3 granulata, Sow. x = - x oes 
5 ilium, Sow. -| x - - - = 
4 plexus, Sow. = x x is ns 
Actinozoa. 
Caryophyllia sp. - : x x - - x 
Parasmilia centralis, Mant. x x x x x 
Spongida. 
Coscinopora infundibuliformis, Goldf. -| x - - - - 
Guettardia stellata, Mich. - x = x = = 
Placotrema cretaceum, Hinde - ; x - - - - 
Plocoscyphia convoluta, 7’. Smith - x x - - x 
Ventriculites aleyonoides, T. Smith - - - x - 
FF decurrens, 7. Smith es - x - - 
< impressus, 7. Smith - x x - x - 
a radiatus, Mant. = x - - - 


Zone of Micraster cortestudinarium. 


This zone is nowhere well exposed along the course of the escarp- 
ment ridge either in Oxford or Bucks; but in the valley of the 
Thames there seems to be some thickness of chalk, exposed in 
several pits, which is referable to this zone. 

Part of this zone is well exposed in the railway cutting wesi of 
Pangbourn, where the beds are bent up into a slight anticlinal 


curve, as represented in Fig. 55, and the succession noted in 
1885 was as follows :— 


~ ow 


a ed 
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Ft. in. 

10. Chalk with some flints - 0 to6 O 
9. A continuous seam of flint - - - - - 8 0 
8. Chalk without flints - - - 4 0 
7. Chalk with three layers of flint nodules 5 0 
6. Chalk with a few flints - 10 0 
5. Yellow rocky chalk, enclosing some flints - = - Oo 9 
4. Chalk with scattered flints - - 4 0 
3. Hard yellowish rocky chalk - - 1 0 
2. Rough chalk with flint nodules - 2 0 
1. Massive homogeneous chalk seen for 1 8 
30-35 0 


: =. 4. . 
Roce collase alae ae ee a Sa tect one 
3 eae mien Uae Fret is 10 
i or aye hey 


guste se En 3 sea tet 
Fic. 55.—Sketch in the Railway Cutting west o 


f Pangbourn. 


The fault is of small importance, having a throw of about 2 feet. 
The flints are black inside, with a very thin rind, and some of 
them are cavernous. EHchinocorys scutatus was the only fossil 
seen. 

Prof. Barrois mentions a quarry “north of Pangbourn” which 
he refers to the zone of M. cortestudinarium,* and this must be 
the exposure at Whitchurch, north of the village, behind’ the 
school house on the main road; in 1885 it showed a good 
vertical face of chalk with many layers of flints. The chalk is firm, 
but not hard; the flints occur in layers, or courses, 4 to 6 inches 
thick, full of flints crowded together, and these courses are from 
2 to 3 feet apart; there are also some scattered nodules between 
the courses and some thin continuous seams of flint. 

Prof. Barrois records Mier. cortestudinariuwm and Inoceramus 
Cuvieri from the lower part of the pit, and says there is a bed of 
hard yellowish nodular chalk about 20 feet from the top. Mr. 
H. J. Osborne White has recently visited this quarry and found a 
few fossils in a band from 5 to 7 feet above the present floor of the 
pit ; these he kindly sent to me, and they proved to be Cidar'is 
sceptrifera (part of a test),C. clavigera (spine), with some remains 
of sponges in flint and fragments of Jnoceramus-shell. 

r. White also informs me that there are two other quaniies, 
one about half a mile, the other a mile east of Whitchurch. 
The first of these (near Rosedown Farm) is probably that visited 
by Prof. Barrois (see op. cit.), and from which he obtained the 
following fossils :— 


* Recherches sur le Terr. Crét. Sup. p. 148 (1876). 
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Inoceramus involutus. Echinocorys gibbus. 

3 Cuvieri. Micraster cortestudinarium. 
Rhynchonella plicatilis. Starfish remains. 
Cidaris clavigera. Porosphera globularis. 


As already mentioned, the base of the Upper Chalk is brought 
up again by the Henley anticline, and there is an old quarry 
above the church at Remenham which seems to be in the zone 
of M. cortestudinariwm. Mr. Osborne White informs me that 
it is about 25 feet deep, and that there are several layers of hard 
greyish lumpy chalk from 5 to 15 feet above the floor of the ie 
in these he found several Micraster precursor (of decidedly low 
zonal type, with feebly inflated interporiferous areas), Hchino- 
corys gibbus, Spondylus spinosus, Terebratula semiglobosa and 
Ventriculites quincuncialis. Flints occur as small scattered 
nodules, and in their continuous (or tabular) layers. The chaik 
above is soft and white. 


Further east near Medmenham there are two quarries which 
were visited by Mr. Hill in 1899, who supplies the following 
particulars :— 

“A quarry at Medmenham, north of the church, shows some 
40 to 45 feet of chalk, but the face is inaccessible except near the 
base. The lower 10 feet consisted of lumpy chalk of irregular 
texture, and above this is a layer of large flints rather widely 
separated. The next 20 feet contained many scattered flints and 
one prominent flint-floor. The highest part consists of massive 
chalk with large rough flints in irregular layers. 

The other quarry, 14 mile east of Medmenham, showed the 
following section :— 


Ft. in. 
Chalk with flints (inaccessible) - 20 0 
Two continuous seams of flint with chalk between 0 6 
Firm white blocky chalk, without flints, Micraster precursor, 
Lichinocorys scutatus, Cidaris sceptrifera, and many 
shell-fragments 8 6 
Firm white chalk in two courses, the lower containing 
many scattered flints and shell-fragments - - 3.9 
Firm blocky chalk with few flints 1 6 
Firm chalk with scattered flints, E'chinocorys 3 6 
Massive creamy white chalk, somewhat lumpy 5 0 
Firm white chalk with a few scattered flints ° 4 3 
Hard rough lumpy chalk, passing down into softer 
white chalk, Echinocorys scutatus - 2 6 
Two floors or seams of flint, each 3 inches thick, with 18 
inches of chalk between them - 2 0 
Irregular lumpy chalk - seenfor 4 0 
50 6 


The flints are black, with thin rinds, and the two seams near the 
base thin out, the one toward the west and the other toward the 
east, so that the one seems to take the place of the other. 

The upper part of this succession may belong to the zone of AJ. 
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coranguinum, but the fossils found were not sufficient to determine 
the point ; it is noticeable, however, that the upper beds are full 
of shell fragments, which are wanting in the lower 20 feet. 

Another quarry which appears to expose the upper part of this 
zone is one by Marlow waterworks, north-west of the town. Of 
this pit I have only a brief note furnished by Mr. Rhodes, who 
was instructed to collect from it in 1888. He describes it as about 
60 feet deep, the upper part inaccessible, but showing chalk with 
layers of flints; from the lower 20 feet, which consists of greyish 
white chalk with flints, he got many fossils, including Micrasters 
of the low-zonal forms. (See list at end of chapter.) 


Zone of Micraster coranguinum, 


The only noteworthy exposure of this zone along the escarpment 
ridge is in a,quarry on Watlington Hill, a quarter of a mile south- 
west of Portways, at a height of 750 feet, and consequently about 
140 feet above the base of the Chalk Rock beds. The chalk seen 
is rather hard, and contains a hard yellowish rocky band; there 
are many flints, both scattered and in layers, and most of them 
hollow, enclosing remains of sponges (chiefly Doryderma ramosum) ; 
some are pink, others grey or nearly black. 

Along the valley of the Thames exposures of this zone are much 
more numerous, and the following account has been drawn up 
from the records published by Professor Barrois,* supplemented by 
notes furnished by Mr. W. Hill and Mr. J. Rhodes. 

Being unable to indicate any particular bed as the top of the zone 
of M. cortestudinarium, and fossils being scarce in the beds which 
form the passage from it to the zone of M. coranguinum, we cannot 
be sure about the zonal horizon of some exposures. It is probable, 
however, that all the chalk seen in the numerous quarries along 
the Oxford side of the river from near Hardwick House to 

-Shiplake belongs to the zone of M. coranguinum. 

At Mapledurham and at Chase Farm, west of Caversham, there 
are quarries which are unquestionably in the zone of M. coran- 
guinum, the chalk being soft white, with few perfect fossils, but 
many fragments of large Inoceramus ; the flints are in layers from 
2 to 3 feet apart, and some of them are with a cloudy white band, 
while others are cavernous and contain numerous Bryozoan 
remains. The quarry at Chase Farm is about 80 feet deep. 

At Caversham is another large quarry, the chalk of which Prof. 
Barrois referred to the zone of Marsupites, but he did not find any 
plates of that Echinoderm, and Mr. Hill, who has recently visited it, 
saw no reason for separating this chalk from that of Chase Farm, 
its general aspect being the same, the flints nearly as numerous, 
and no layer of yellow nodules nor any other special feature being 
visible in either quarry. Prof. Barrois describes the chalk of the 


* Recherches sur le Terr. Crét. Sup., p. 148 (1876). 
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Caversham quarry as “ white and soft, with layers of flints from 
3 to 6 feet apart. These flints are black, with a thin white skin; 
Some are cavernous, others in tabular layers; their shape is 
irregular, generally flattened in the direction of the stratifica- 
tion.” He found the following fossils :— 


Inoceramus (rare). Cidaris clavigera. 

Lima Hoperi. » hirudo. 
Spondylus. ; Micraster coranguinum. 
Rhynchonella plicatilis. Bourgueticrinus ellipticus. 
Terebratulina striata. Porosphera globularis. 


Serpula granulata. 


It will be observed that there is nothing here specially character- 
istic of the higher zone. 

There are several pits between Caversham and Shiplake, and Mr. 
Hill reports them all to be in chalk with many layers of flints, 
with very few fossils, and without special features. He refers them 
all to the zone of M. coranguinum. 

South-east of Wargrave, in Berkshire, is a large quarry, 60 feet 
deep, in similar chalk, and the same chalk can be seen at several 
places on the river slope between Wargrave and Park Place. 

As already stated, an anticlinal flexure brings up lower beds 
near Henley, and for some distance to the westward on the north 
side of the valley, but the zone of M. coranguinum is exposed at 
several places on the southern side. 

There is a large quarry by the main road, about a mile south of 
Remenham, which was seen by Mr. Hill in 1899, but he found 
a vertical and inaccessible face of chalk, apparently of similar 
homogeneous character throughout, with many layers of flints, 
which are of a dark greyish black inside. 

A small quarry half a mile south-east of Bisham Abbey shows 
chalk with many flints, most of which are cavernous and contain 
sponge remains (chiefly Doryderma ramosum). A little south of 
this, by Bisham Wood, and at a much higher level, is a large quarry 
which was visited by Mr. Rhodes in 1880; he reported that it 
showed about 60 feet of chalk with layers of black flint nodules, 
and that fossils were fairly abundant, Ostrea acutirostris occurring 
in a layer about 4 feet from the base of the pit associated with 
fragments of a large Inoceramus. 

Further south, at Pinkneys, and again at Littlewick Green, are 
other quarries from 30 to 50 feet deep; Mr. Rhodes obtained a 
fair number of fossils from these, and reported the layers of flints 
to be numerous, and the flints to be greyish-black inside. The 
fossils included : 


Cidaris hirudo. Rhynchonella reedensis ? 

» _ perornata. Terebratula semiglobosa. 

»  sceptrifera. Pecten cretosus. 
Galerites albogalerus. »  (Neithea) quinquecostata. 
Micraster coranguinum. Inoceramus Cuvieri ? 
Bourgueticrinus sp. Ostrea acutirostris. 
Serpula plana. Lima sp. 


ee turbinella. 
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The Taplow Chalk. 


In 1889 Mr. J. Rhodes, while collecting fossils near Maidenhead, 
discovered a quarry by the lodge of Taplow Court which exhibited 
a remarkable section, and from which he obtained many specimens 
of Actinocamaz granulatus. This quarry was subsequently visited 
by Mr. A. Strahan, who described it and the phosphatic chalk 
found there in some detail.* From this description the following 
account is taken, but the bracketing of the beds in the section is 
my own :— 


Taplow Chalk. 


Micraster 
coranguinum 
zone, 


\ 


Section in Quarry at Taplow. 
Ft. in. 


Soft white chalk, passing down into next 12 0 
Brown chalk with Ostrea acutirostris, Actino- 
camax granulatus, Echinocorys scutatus, and 
Cidaris sceptrifera - 8 0 
White chalk traversed by numerous tubes and 


cavities filled with brown chalk ; a hard and 

blocky top, forming a marked floor to the 

brown chalk above - - 3 0 
White chalk, mostly inaceossi ble, aria nok examined 

in detail - - - 14 0 
White chalk with senbtered irowti pecine 2 6 
Brown chalk - - + 4 0 
Hard crystalline chee with nodular structure 

and greenish markings - - about 1 0 


White chalk [hard at the top| and piped with 


brown chalk as above 1 
A [thin] sandy brown layer- - Oo of 
White chalk, piped with brown chalk - - 2 


White chalk to the bottom of the pit, the first 
flints occurring 12 feet below the lower band 
of brown chalk, Galerites albogalerus - 15 6 


About 64 0 


The beds dip at 4 or 5 degrees, about EF. 10 S. 


A shaft subsequently sunk in the hillside above the pit gives 
the exact depth of the phosphatic chalk below the base of the 
Tertiary strata. 
beds traversed by this shaft :— 


The following were the measurements of the 


Feet. 
Reading [Clay - - oe ee as 7 
Beds. \Greensand with green-coated flints - - - 24 
White chalk 18 
Brownish white chalk - 2 
Upper | Brown: chalk (upper phosphatic band) - 11 
Chalk. | Hard white chalk - - -12 
Soft brown chalk (lower ohostliate bendy = 4 

Very hard white chalk. 
564 


* Quart. Journ. Geol. Soc., Vol. xlvii. p. 356 (1891). 
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Mr. Strahan observes :—“ Both the [brown] bands owe their 
colour to a multitude of brown grains, uud pass up gradually into a 
rock less rich in brown grains and of a pale brown or greyish 
tinge. The chalk is irregularly bedded, perhaps current bedded, 
and traversed by irregular joints so as to break up readily into 
blocks, which crumble into a rounded form and finally into powder. 
Its friability forms a marked feature and is due to the softness 
of the white chalky paste in which the brown grains are embedded. 
Under the microscope these grains are seen to be almost entirely 
of organic origin, foraminifera, prisms of Inoceramus shells, and 
small oval pellets forming the bulk... . . 


“ Below both bands of brown chalk there occur some few feet 
of white chalk traversed by cavities and tubes of all shapes and 
sizes up to an inch in diameter and filled with brown chalk. The 
top of this piped chalk is in both cases hard, crystalline, and of 
a nodular structure, so as to form a clearly marked floor to the soft 
brown chalk.” 


Fossils are very scarce in the lower part of the section, but Mr. 
Rhodes obtained Galerites albogalerus near the bottom. As 
no plates of Marsupites were found, it is doubtful whether any 
part of the section is referable to the zone of Marsupites, and it 
certainly cannot belong to the zone of Act. quadratus. 


The dip being to the south of east, lower beds occur to the north 
wards, and Mr. Strahan found that “a great thickness of flinty 
chalk has been laid bare in the Root-House Pit, and almost certainly 
lies at a lower horizon than the phosphatic chalk. The lower part 
of the northern end of the pit exposes a nodular band resembling 
Chalk Rock.” Chalk has been dug below the gravel about 300 
yards east of Taplow Station, and this is also chalk with many flints, 
belonging to the M. coranguinum zone. 


North of Burnham, and about two miles north-east of the Lodge 
Pit, is a quarry exposing the junction of the Chalk and Eocene. 
Mr. Strahan says of this: “A thickness of about 8 feet of chalk 
is exposed, but none of the rock possesses the characters of the 
phosphatic chalk of Taplow. It contains but one layer of flints 
near the top, but a pale greenish layer [is seen] about 5 feet down.” 


He did not succeed in finding any other outcrop of the phosphatic 
chalk, but concluded that it underlies the greater part, if not all, 
of the outlier of Tertiary strata on which Taplow stands. He 
thinks, however, that it is strictly of local occurrence. 
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FossiLs FROM THE Upper CHALK IN THE THAMES VALLEY. 


The following is a list of the fossils obtained chiefly by Mr. J. 
Rhodes from pits on both sides of the River Thames between Whit- 
church and Taplow. It isnow thought that most of the exposures 
are in the zone of Mier. coranguinum, but the quarries near 
Whitchurch and Marlow yielded the list given in the first column :— 


cortestu- 


Zone of M. 


dinarium. 


coran- 
guinum. 


Zone of M. 


Taplow 
Chalk. 


Fish. 
Cimolichthys lewesiensis, Leidy 
Tish remains -— - 


Cephalopoda. 
Actinocamax granulatus, Blainv. - 
sp. (? verus) 
Scaphites sp. - - 


Lamellibranchiata. 
Inoceramus Brongniarti, Sow. 
sa Cuvieri? Sow. 
io involutus, Sow. 
Lima Hoperi, Sow. - 
Ostrea acutirostris, Nilss. 
»»  hormaniana, d’Orb. 


” Sp. ~ 
Pecten cretosus, Defr. (=Nitidus, Mant.) 
»  (Neithea) quinquecostatus, Sow. 
Spondylus spinosus, Sow. - 
” Sp. 


Brachiopoda. 
Crania egnabergensis, Ietz.  - 
» Parisiensis, Defr. 
Kingena lima, Defr. 
Rhynchonella reedensis, Eth. 
ss plicatilis, Sow. 

Terebratula semiglobosa, Sow. 
Terebratulina striata, Wahl. - 


Bryozoa. 

Diastopora sp. - - 
Entalophora sp. 
Escharina sp. 
Idmonea sp. - ee 
Membranipora arborea, d’Orb. - 

5 normaniana, d’Orb. 

” 8p. - ‘“« . 
Proboscina angustata, d’Orb. - 

% ramosa? Edw. - - 


| hom I 


I 


—_ 


ee | 


Ce 


lL Wop MK OM OM 


222 THE CRETACEOUS ROCKS OF BRITAIN. 


Zoneof M. 
cortestu- 
dinarium. 


Zoneof M. 
cor an- 
guinum. 


Annelida. 
Serpula ilium, Goldf. - 
»  granulata, Sow. 7 
» ° Plana, Woodw. - - 
» Plexus, Sow. - 
turbinella, Sow. - 
Terebella lewesiensis, Davies 


Echinodermata. 
Bourgueticrinus sp. 
Cidaris clavigera, Mant. 

»  hirudo, Sorig. - - - 

»  perornata, Forbes - 

»  sceptrifera, Mant. 

5,  Subvesiculosa, d’Orb. 
Cyphosoma sp. - -~ - 
Echinocorys scutatus, Leske 
Galerites albogalerus, 

Holaster sp. - 

Micraster coranguinum, Leske 
a cortestudinarium, Goldf. 
ay precursor, Rowe - 


Spongida. 


Yoscinopora infundibuliformis, Gold}. 


Doryderma ramosum, Mant. 
Guettardia stellata, Mich. 
Plocoscyphia convoluta, 7. Smith 
Porosphera urceolata, Phil. - 

a globularis, Pha. 
Thamnospongia sp. - 
Ventriculites impressus, 7. Smith 

4s mammillaris, 7. Smith 
5 radiatus, Mant. 
” Sp. = = 
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CHAPTER XVII. 


THE UPPER CHALK IN BEDFORDSHIRE, HERTFORD- 
SHIRE, AND MIDDLESEX. 


GENERAL REMARKS. 


No great thickness of Upper Chalk comes to the surface in 
these counties, and along the main escarpment the exposures are 
chiefly in the lowest beds (Chalk Rock, etc.). Chalk, however, 
is exposed along many of the valleys which open to the eastward 
and south-eastward, and in some of these inlying tracts large 
quarries have been opened, especially in parts of Hertfordshire and 
Middlesex. 

There are three deep borings in Hertfordshire which give us 
some information regarding the thickness of the Upper Chalk 
below the Eocene to the eastward. The first of these is at 
Bushey,* and specimens from several horizons in this boring were 
examined by Mr. Hill, who found that the sample registered as 
coming from 161 to 169 feet down was unmistakably Chalk Rock. 
As the site of the boring is in the valley below the Eocene boundary 
the total thickness of Upper Chalk below Watford is probably 
about 190 feet. 

In the boring at Cheshunt the position of the Chalk Rock has 
not been determined from specimens, but a rock described as 
* chalk rock ” was found at a depth of 363 feet, and is stated to be 
15 feet thick ; the base of the Eocene is at 1024, and thus there 
may be 275 feet of Upper Chalk below Cheshunt.+ 

The third boring was at Ware,{ and here again no sample of 
Chalk Rock could be recognised among the specimens examined, 
but one from 211 feet down was “a good specimen of Middle 
Chalk”; it is therefore surmised that there must be about 180 
feet of Upper Chalk below the alluvium of the river at Ware. 


STRATIGRAPHICAL DETAILS. 
Chalk Rock Beds (cone of Holaster planus). 


Near Tring there are no good exposures of this zone; its base 
is exposed at the Chiltern Waterworks, two miles south-west of 
Tring, and in 1884 a small hole had been dug in the 


* See Geology of London by W. Whitaker, Mem. Geol. Survey, Vol. ii. 
p. 48 (1889). 

t See Quart. Journ. Geol. Soc., Vol. l. p. 508 (1894). 

{ Op. ct. p. 501. 
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wood close by, showing 2 or 3 feet of very hard, compact limestone, 
with some green-coated nodules. 

It is also traversed in the shafts leading down to the bell pits at 
tHastoe and Northchurch brickyards, south of Tring, the hardest 
bed being in each case about 14 feet thick, and known locally as 
“ hurlock.” 

When the road was made which leads up the hill north-east of 
Berkhamsted Station, three separate beds of Chalk Rock were 
exposed, and were seen by Mr. Whitaker in 1863.* 

The best section of the rock beds between Tring and Dunstable 
is in a quarry and the adjacent road-cutting on Pratt’s Hill, east of 
Dagnal. Combining the two exposures they give the following 
succession :— 


Feet. 
Soil and chalk rubble - — - 2 
Very hard compact yellowish limestone 1 
Chalk [sot nodular chalk, consisting of hard lumps in 
Rock a very soft matrix — 8 
Bed, Soft dull white pulverulent chalk - 4or5 
¢dS | Hard chalk-rock with a layer of green-coated 
nodules at top = - 14 
Hard nodular chalk with a few Guceshapal flints 2 


It will be seen that the thickness of the H. planus zone here is 
about 15 feet. The nodular chalk contains many fossils, and the 
following were found :—Solariella gemmata, Spondylus spwnosus, 
Rhynchonella plicatilis, Micraster Lesket, Echinocorys scutatus, 
Ventriculites vmpressus, and Camerospongia campanulaia. 

A pit near the top of the hill east of Valenciennes Farm, south 
of Dunstable, formerly exposed a good section through the Chalk 
Rock, but it is now talused and obscured. The following is con- 
densed from Mr. Whitaker’s account of it.t 


Feet. 
Chalk with nodular flints above, and three continuous 
seams of flint atthe base - about 7 
Chalk-rock in three beds, with white chalk between 
them ee 10 
Hard chalk passing dawn into softer chalk 3 


On Five Knoll Hill, south-west of Dunstable, there is a series 
of excavations from which the rock has heen quarried for road 
material, and from these pits Mr. J. Rhodes obtained many fossils 
(see list on p. 228). 

In the valley of the Ver the rock-beds are exposed in several of 
the road-cuttings on the slopes, especially near Ailey Green and 
Markgate Street, and some fossils may be obtained. 

The next good section of these beds is in the cutting on the 
Midland Railway south of Luton, and half a mile north of Chiltern 
Green Station. For the following account of this section I am 


* See Mem. Geol. Survey, Vol. iv. p. 49 (1872), 
+ Mem. Geol. Survey Vol. iv. p. 50 (1872). 
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indebted to Mr. J. Saunders, of Luton, who took careful measure- 


ments of it in 1894. 
Feet. 


Soft white chalk with many flints Se) oS _7 24 
nm _ (Hard compact cream-coloured chalk-rock with 


«3; 4 |_ green-coated nodules . = - 2 
@ § | Lumpy greyish-white chalk, with a few scattered 
S-3|__flints, many Micrasters about 11 
N Hard compact cream-coloured chalk rock with 
green grains and green-coated nodules - | 2 
> . (White chalk, lumpy at the top, but most of it in 
td-4] thick massive beds, with scattered flints - 25 
= )Thin seam of buff-coloured marl; less than « , 4 
=O | Massive blocky chalk - - - seen for 14 
72 


Many fossils have been found in the zone of H. planus at this 
locality, and a list will be found at the end of this chapter. It will 
be noticed that the thickness of the zone is here again 15 feet. 

From the valley of the Lea the outcrop of the zone passes north- 
ward to the high ridge known as Warden Hill, and thence eastward 
into the valley known as Lilley Bottom. Out of this valley it runs 
northward again to Great Offley, and thence eastward to Offley 
Holes and Preston. 

The lower beds of the rock, for about four feet in depth, are 
exposed in a small excavation by the roadside half a mile north-east 
of Preston, and from this many fossils have been obtained by Mr. 
W. Hill and myself. “The upper part of the rock was exposed in 
an old quarry near Temple Dinsley House, and the zone here- 
abouts appears to consist of two bands of Chalk Rock, each about 
5 feet thick, separated by a band of lumpy chalk, the whole 
probably from 16 to 18 feet. 

Thence the outcrop of the rock has been traced to Hill End 
Farm, and Almshoe Bury. Between this and Stevenage the Chalk 
Rock is concealed by drift, but it emerges to the north-east near 
Chisfield, and can be traced continuously along the escarpment 
to Clothall, Wallington, and the country south of Royston. The 
rock-beds are well exposed in two quarries near Clothall, one north- 
east of, and the other half a mile west-south-west of, the church ; 
the latter is the deeper, and shows the following section :— 


Ft. in. 
Clay soil and flints - - - 1 0 
Hard chalk with many flints of various sizes and shapes- 4 O 
ro Hard nodular chalk, rough, lumpy, and cream- 
ad coloured, with many fossils - = = = 8 06 
Oe |Irregular layer of soft dusty yellowish chakk- - 0 9 
Chalk consisting of hard lumps in a softer matrix- 4 6 


The upper five feet of the rocky chalk contain a few scattered 
flints and small pieces of light brown phosphate. 

The Chalk Rock has also been quarried in a pit about a third 
of a mile north-west of Wallington church, which must originally 
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have shown the base of the rock, but when I saw it in 1884 this was 
concealed by talus. Subsequently, however, Mr. Hill made a 
trench through this talus, and exposed the base of the rock at a 
depth of about 16 feet from the top of the pit. When clear, there- 
fore, this section showed :— 
Feet. 
Nodular chalk, much weathered. the soft chalk between the 
hard lumps crumbling into yellowish chalk dust. Scattered 
flints. Micraster, Holaster planus, &e. - - - 10 
Similar chalk (now concealed by talus) - - - 
Hard yellowish rock, with a few green-coated nodules, much 


jointed and broken up - - - - 8 
Soft white marly chalk with a few tints, the lower ant con- 
cealed by talus (zone of Terebratulina) - - - - 8 


The flints in the nodular chalk are of the carious or cavernous 
type, very rough outside, and full of cylindrical holes, which 
doubtless once contained the remains of sponges. Nodular chalk 
like the above is also exposed in a small pit near Roe Green. 

East of the main outcrop the Chalk Rock borders the inlying 
tract of Middle Challx by Weston, Cromer, and Walkern, in valleys 
which drain into the River Bean. It was formerly quarried in a 
pit half a mile east of Weston, where in 1884 I saw 4 feet of nodular 
chalk overlying a foot of very hard compact rock with a layer of 
green-coated nodules at top, but passing down into tough nodular 
chalk with some scattered flints. The rock contained Inoceramus 
striatus, Rhynchonella reedensis, Terebratula carnea, Micraster 
Lesket and Plinthosella squamosa (identified by Dr. Hinde). 

It will be noticed that the thickness and aspect of the rocky 
beds forming the zone of H. planus in these counties vary very 
considerably. 


List or Fossits FROM THE CHALK-Rock Brps IN BEDFORDSHIRE 
AND HERTFORDSHIRE. 


A considerable number of fossils have been obtained from some 
of the localities where these beds are exposed, as the following lists 
will testify. That from Boxmoor is taken from “The Geology 
of London ” (Mem. Geol. Survey, 1889, pp. 73-74), but the nomen- 
clature has been revised in accordance with the identifications of 
Mr. H. Woods (see Quart. Journ. Geol. Soc., Vol. lii. p. 68, and 
Vol. liii. p. 377). 

The list of column 2 is based on a collection made by Mr. Rhodes 
from the pits on Five Knoll Hill, near Dunstable, supplemented 
by smaller collections made by Mr. Whitaker and myself at 
at Markgate Street and Ailey Green. 

The third column is based on collections from the railway 
cutting south of Luton, made by Mr. Rhodes, Dr. Morison, and 
Mr. J. Saunders. Nearly all the mollusca in these collections were 
seen and identified by Mr. Woods; most of the other fossils 
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were named by Messrs. Sharman and Newton, but the Ostracoda 
were identified by Prof. Rupert Jones and all the sponges in 
Mr. Saunders’ collection were named by Dr. G. J . Hinde. 

The fourth column is a list of the species obtained by Mr. Hill 
and myself from the exposures at Preston, near Hitchin, and they 
have also been examined by Mr. Woods. ' 

The remaining columns catalogue the species found by Mr. Hill 
and myself at localities south-east of Hitchin. 


Markgate. 


Dunstable and 
Luton. 


Boxmoor. 
Preston. 
Lannock Farm. 
Clothall. 
Wallington. 


Pisces. 

Corax falcatus, Ag. .- 

Oxyrhina Mantelli, Ag. 
Ptychodus mammillaris, Ag. 
3 latissimus, Ag. 

Vertebraof fish - - 


Cephalopoda. 
Ammonites [Prionocyclus] Neptuni, Gein. - 
ie [Pachydiscus] peramplus, Mant. 
Baculites bohemicus, Fritsch - —- 
Crioceras ellipticum, Mant. - 
Heteroceras reussianum, d'Orb. 


oouopee 
oe)ere 
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” sp. - ¥ “ 
Scaphites Geinitzi, d’Orb. - 
Ptychoceras Smithi, Woods - 
Nautilus sublevigatus, d’Orb. 
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Gasteropoda. 
Aporrhais Mantelli, Gard. - - 
Avellana cf Humboldti, Miller - 
Cerithium cuckhamsliense, Woods 
‘ Saundersi, Woods - 

Dentalium turoniense, d’Orb. - 
Emarginula Sancte-Catharine, Passy 
Pleurotomaria depressa, Sow. - 

5 perspectiva, Mant. 

is Thomsoni? Tate 
Trochus Schliiteri, Woods - 
Fusus sp. (cast.) - - 
Solariella gemmata, Sow. - - - 
Turbo Geinitzi, Woods - 
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Lamellibranchiata. 
Arca Galliennei, d'Orb. - 


” Sp. me 
Cardita cancellata, Woods - 
Cyprina quadrata, d’Orb. 
Inoceramus Cuvieri, Sow. - 

is striatus ? Sow. - 
sf sp. (small) - - . 
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Boxmoor. 


Dunstable and 
Markgate. 
Luton. 


Preston. ~ 


Lannock Farm. 


Wallington. 


Lima granosa, Sow. 
»  Hoperi, Sow. - 


Modiola Cotte, Roem. (see Septifer Kineatus) 


Nucula, sp. - 
Ostrea normaniana, d’ Orb. 

»  vesicularis, Lam. 
Pecten pexatus, Woods - 
Plicatula Barroisi, Peron 
Septifer lineatus, Sow. 
Spondylus latus, Sow. 

»  Spinosus, Sow. - — - 
Teredo amphisbzena, Goldf. - 
Trapezium trapezoidalis, Roemer 


Brachiopoda. 


Crania egnabergensis, Retz. - 
Kingena lima, Defr.- - — - 
Rhynchonella Cuvieri, ad’Orb. 
r plicatilis, Sow. 
reedensis, Eth. 
Terebratula carnea, Sow. - 
a semiglobosa, Sow. 
Terebratulina striata, Wahl. - 


Bryozoa. 


Biflustra carantina, d’Orb. - 
Cellaria inzequalis, d’Orb.  - 


Entalophora variegata, d’Orb. (= sikeula) 
echinata) 


- aia ? dOrb. As 
Eschara ayia: d'Orb. - 
Escharinella baculina, a Orb. 


Crustacea. 


Pollicipes glaber, Roemer - 
Crustacean claw - - 
Bairdia subdeltoidea. Manst. 
harrisiana, Jones - 
Bythocypris Brownei, Jones - 
5 roemeriana, Jones 
5 silicula, Jones - 
Cythere harrisiana, Jones - 
Cythereis auriculata, Corn. - 
i lonsdaleana, Jones 
39 ornatissima, Reuss 
i quadrilatera, Roem. 
ms Paneer Jones 
s ne eee Roem. - 
erosa, Jones - 
Geahiilea perforata, Roem. - 
Cytherella ovata, Roem. - 


7 
ate oe ho 


If rr ft 


bo} pore 


Il rpwl wpprwrr 


ppp prpwrpb pr »wprpws ! 


Www wWOWwWwl wwwe !l 


tt ort twill www wwwiww wo lwwwweo | 


wr 


I aARRRARI 


Prraertited 


(ie es Ye OW 


a 


loot 


lol 


fooaos ft 1 


AAAAQD | 


boleh ob ob a a a a 


i taaaai rit 


230 THE CRETACEOUS ROCKS OF BRITAIN. 


Boxmoor. 


Dunstable and 


Markgate. 


Preston. 


Lannock Farm. 


Clothall. 


Cytherella muensteriana, Roem. - 
williamsoniana, Jones - 

Cytheropteron alatum, Bosquet 

55 concentricum, Reuss. 

a pedatum, Marss. 

a sphenoides, Heuss. - - 

‘ umbonatum, var. acanth optera 
Macrocypris concinna, Jones - - 


Annelida. 
Serpula fluctuata, Sow. - = ee 
»  granulata, Sow - - - 
» lium, Sow - - + - 
» plexus, Sow. 


Echinodermata. 
Bourgueticrinus sp. - = 
Cidaris (plate and spine) - ce 
Cyphosoma corollare, Klein - 

- radiatum, Sorig, - - - 
Echinocorys scutatus, Leske - 
Goniaster sp. (ossicle) - ee 
Holaster planus, Mant. - - 5 
Micraster corbovis, Forbes - - - — - 

Leskei, Desm. - = & # 
on preecursor, Rowe 
Pentacrinus Agassizi Hag. 


Actinozoa. 
Parasmilia centralis, Mant. - - 2 


Spongida. 

Camerospongia campanulata, 7. Smith = - 
sp. nov. - - - 

Cephalites perforatus, 7. Smith - - 
Guettardia stellata, Mich, - - ,- - 
Placotrema cretaceum, Hinde - - 
Plocoscyphia convoluta, 7. Smith 
' flexuosa, Mant. - -— - 

sp. a 

Polyjerea sp - - 
Porochonia simplex, 7. Bmntih - 
Tremabolites perforatus, 7. Smith 
Ventriculites aleyonoides, 7. Smith 
- angustatus, Roemer -  - 
ss impressus, 7. Smith -  - 
a) mammillaris, 7. Smith - - 
5 decurrens, 7. Smith -  - 
radiatus, Mant. - - - 
Verrucoceelia tubulata, 7. Smith & ‘ 
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For the Foraminifera, see General List at end of this volume. 
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Zones of Micraster cortestudinarium and 
M. coranguinum. 


There are a large number of chalk pits in the counties of Bedford 
Hertford, and Middlesex which neither Mr. Hill nor myself have 
had the opportunity of visiting, and, so far as we know, few of 
them have been well searched for fossils, except the pits near 
Rickmansworth and Watford, from which collections were made 
by Mr. J. Rhodes for the Geological Survey in 1888. Some notes: 
of the chalk seen in these quarries and cuttings were taken by 
Mr. Rhodes, and were published in the Memoir on the “ Geology 
of London,” Vol. i. p. 77 (1889). 

In that memoir it was suggested that the zone of Micraster 
cortestudinartum was exposed in some of these exposures; 
Mr. E. T. Newton has re-examined the Micrasters obtained from 
them, and confirms the existence of M. cortestudinarium at 
three places, though some of the others are more correctly 
referable to the M. precursor of Rowe. On the other hand, 
the presence of M. coranguinum and Cralerites albogalerus at 
several places leads us to think that most, if not all, are in the 
zone of M. coranguinum, for it is now known that M. 
cortestudinarium ranges into the higher zone. 

The large quarry at Harefield Cement Works, about three 
miles $.8.W. of Rickmansworth, exposes a fine section of Chalk 
and Eocene, about 60 feet of each being seen; the chalk 1s in 
regular beds,with frequent layers of solid flint nodules, but fossils 
were not abundant. Small pits in similar chalk on the west side 
of the Colne yielded Micraster precursor and Galerites albogalerus 
with a few other fossils. 

At the north end of Harefield Park Mr. Rhodes found another 
fine section of chalk in a large quarry, which he estimated as 
80 feet deep. The chalk of the lower 20 feet is rather harder 
than that above, but does not otherwise differ; layers of flints 
occur throughout, and many of them are cavernous, containing 
Doryderma ramosum and other sponges. There are also some 
tabular flints (? continuous layers of flint). ne only determinable 
Micraster is referable to precursor. 

A quarry by the side of the canal, a Ais and a half south-west 
of Rickmansworth, is about 60 feet deep in chalk, with many 
cavernous and spongiferous flints. About 40 feet above the 
floor an Ostrea (? acutirostris) occurred abundantly, with many : 
fragments of a large Inoceramus. 

At Rickmansworth, about 12 feet of chalk is exposed in the 
cutting by the goods yard, and in a cutting to the eastward, by 
Croxley Hall, a ditch by the side of the latter yielding many Cidaris 
spines and Micrasters ; among the latter both M. coranguinwm and 
M. cortestudinarium occur. M. cortestudinarwum was also obtained 
from the floor of a ballast pit, two miles east of Rickmansworth. 
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The cutting on the railway between Watford Junction and 
the tunnel to the north-west shows chalk with many flints, 90 
per cent. of which are hollow and spongiferous. From chalk 
thrown out of the shaft near the southern end of the cutting Mr. 
Rhodes found a few fossils and obtained some others by washing 
the material in the hollow flints. 


A large quarry between Watford and Bushey shows chalk which 
is probably higher than the last ; its depth is about 60 feet, the 
higher part being ““yellow-banded chalk, pieces of which are very 
hard,” the lewer part white chalk; layers of solid flints occur 
throughout. The fossils include Galerites albogalerus, Micraster 
coranguinum, and M. cortestudinariwm, all coming from the 
lower half of the section. 


In a pit at Letchmoor Heath, south-east of Aldenham, the 
chalk resembles that of Bushey. In Berry Wood, west of Alden- 
ham, there appears to be chalk like that of Watford tunnel, for 
Mr. J. Hopkinson describes it as “ abounding in the remains of 
sponges, surrounded by mere shells of flint, and containing spicules, 
foraminifera, and even polyzoa beautifully preserved.” * 

North of Aldenham there are four pits, in all of which a small 
oyster, resembling Ostrea acutirostris, is the commonest fossil. 


The only section in the higher part of the Upper Chalk of Hert- 
fordshire which I have personally seen is that in a large quarry 
more than half a mile east of Stevenage. 

When seen in 1884 this showed a face of chalk some 50 feet in 
depth, with an inner pit going a further distance of about 20 feet. 
The whole consists of soft white chalk, with frequent layers of . 
flints, one set of nodules being of large size, but those in the lowest 
beds are smaller. I was informed that the well at the foreman’s 
cottage was sunk 135 feet, and deepened by 5 feet subsequently, 
in a dry season, the chalk at the bottom being very hard ; this 
was probably the Chalk Rock, so that the lowest beds seen in the 
quarry are 60 or 70 feet above that rock. Terebratula carnea 
is the commonest fossil, but I also obtained from the workmen 
Micraster precursor and the gibbose variety which so closely 
resembles E'piaster gibbus. 


In 1886 a well was sunk at a spot about a quarter of a mile 
east of Stevenage church, and the following particulars of the 
beds traversed were obtained by Mr. W. Hill :— 


Feet. 
White Chalk with flints - - - - - - 113 
Chalk Rock (sample seen) - - - . a = 3 
White Chalk a - - - - - - = jes 10 
125 


* Proc. Geol. Assoc., Vol. ii. p. 44 (1871). 
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The following is a revised list of the fossils collected by Mr. 
Rhodes from the pits above described. It is also rearranged 
from the original lists, and the references to localities are as follow :— 


Harefield, Harefield Park, Troy Farm, and Wheyberds. 
Quarries south-west of Rickmansworth. 

Quarries at and east of Rickmansworth. ¥ 
Watford and Bushey. 

Quarries near Aldenham. 

. Two quarries near Shenley. 
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Lamellibranchiata. 
Inoceramus Cuvieri? Sow. 
a involutus, Sow. 


” Sp. : 
Ostrea acutirostris, Nilss. - 
_ normaniana, d'Orb. - 
Sp. - - - 
Pecten Pa. Defr (=nitidus, Mant.) 
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e (N eithea) quinquecostatus, Sotes 
Spondylus spinosus, Sow. - - - 


» SP. oR S 


Brachiopoda. 
Crania egnabergensis, [tetz.- - - 

»  parisiensis, Defr. - - : : 
Kingena lima, Defr. -  - - 
Megathyris (Argiope) megatrema, A g. 
Rhynchonella reedensis? Eth. 

‘s plicatilis ? Sow. 
Terebratula semiglobosa, Sow. - 
Terebratulina striata, Wahl. - 
Thecidium Wetherelli, Morris  - 
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Bryozoa. 

Actinopora (Apsendesia) diademoides, d'Orb. 
Alecto (Stomatopora) -  - - 
Bicavea dilatata, d’Orb. 
Cellepora ? - - 
Crisina subgracilis, d’Orb. 
Defrancia? - - 
Diastopora sp. - oe 
Domopora clavula, d’'Orb. - - -~ - 
Entalophora clavata ? d’Orb. (=echinata) - 

is obliqua, d’Orb. (—Clausa heteropora 

is raripora, d’Orb. (=virgula) 
Escharasp. - -— - - 
Escharina sp. - 
Flustrellaria granulosa, d’ Orb: (Onychosella) 
Homzeosolen ramulosus, Lonsd. -  - 
Membranipora sp. - - 5 + s 
Onychosella Lamarcki, Hag. - ee 
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Sparsicava carentina;d Ord. - = - 


Stomatopora ramea, Blainv.(=Prob. ramosa, Edw. ) 


Truncatula alternata, d’Orb. - = - 

Vinculariasp.- - - - - 
Annelida. 

Serpula granulata,Sow.- - - 

»  ilium, Goldf. - -— - 

» Plexus, Sow - - - 

» proteus? Sow. - - - 


» _ Sp. 
Terebella lewesiensis, Davies - 


Crustacea. 
Pollicipes glaber, Roemer -  - 


Actinozoa. 
Caryophyllia eylindracea, Reuss 
Parasmilia sp. - - 


Echinodermata. 
Bourgueticrinus ellipticus, Miller - 
Cidaris clavigera, Kénig - - 

»  perornata, Forbes - - 
»  sceptrifera, Mant. - - 
i oe Coe - 
eh aediainas Taki - 
Galerites albogalerus, Leske - - 
Goniaster (ossicles) - - - 
Metopaster Parkinsoni, Forbes - 
Micraster coranguinum, Leske - 


cortestudinarium, Goldf. 


43 preecurser, Rowe - 
Oreaster sp. - i 
Pseudodiadema (Spine) - 5 


Spongida. 
Doryderma ramosum, Mant. - 
Guettardia stellata, Mich. - 


Porosphera urceolata, Lam. - — - 
3 Woodwardi, Carter - 
oy Sp. e = : - 


Thamnospongia sp. - 
Ventriculites impressus, 7’. Smitih 


Foraminifera. 
Cristellaria rotulata, Zam. - - 
Lituola nautiloides, Defr. - 
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CHAPTER XVIII. 


THE UPPER CHALK IN CAMBRIDGESHIRE, ESSEX, 
AND SUFFOLK. 


Very little is yet known about the Upper Chalk of these counties, 
partly because they were surveyed before the value of the zonal 
divisions of the Chalk was understood or appreciated in England, 
and partly because so much of the surface of the Chalk is covered 
and concealed by the glacial deposits. Hence the area is not an 
attractive one for zonal exploration, but no doubt something 
might be made of it by anyone who chose to examine it specially 
for this purpose ; thus, the frequent layers of flints would doubtless 
serve to distinguish the Micraster zones from those of 
Marsupites and Actinocamaz quadratus in which flints are few 
and scattered. 

Even the outcrop of the Chalk Rock has not been followed 
continuously. It was not mapped at all by the Geological Survey 
within the area of Sheet 47, and was only followed in Sheet 51 
as far as Stetchworth, but Mr. H. Woods of Cambridge has 
since traced it as far Higham between Newmarket and Bury St. 
Edmunds. * 

The remarkable flexure which is disclosed by pits in the Chalk 
Rock near Royston has been mentioned in Vol. Il. 469. 

The total thickness of the Chalk at Combs, near Stowmarket, 
as recorded by Mr. P. Bruff from a boring made there in 1855, 
is 817 feet, of which 504 feet is said to have been through “ chalk 
with flints.” Inarecent boring at Stutton, near Ipswich, the 
Chalk was entered at 70 feet from the surface, and the base of 
the Middle Chalk was found at a depth of about 800 feet, so that 
the Upper and Middle Chalk were about 730 feet thick, and of 
this probably about 500 should be assigned to the Upper Chalk. - 


Zone of Holaster planus (Chalk Rock, etc.) 


In Essex the zone of Holaster planus presents the same facies 
as in Hertfordshire, but in Cambridgeshire only the lower rock- 
bed remains and the upper part of the zone consists of ordinary 
white chalk with numerous flints and without any hard beds. 
This facies of the zone has a thickness of at least 25 feet. 


* Since the above was written, search for fossils has been made by the 
Rev. E. Hill, Mr. G. W. Hewetson and others ; the results were published 
in Proc. Geol. Assoc., vol. xviii, p. 85, and are incorporated in this chapter 

+ Proc. Inst. Civ. Eng., Vol. xix. p. 42. 
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Essex.—The Chalk Rock first comes within the influence of the 
flexure above mentioned at Therfield, a village which is really in 
Hertfordshire, about two miles west of Royston. Here a pit, three 
furlongs north of the church, exposes a few feet of soft (Middle) 
chalk overlain by hard compact limestone (Chalk Rock), which 
dips northward at about 15deg. There is another small pit, 
half a mile south-west of the church, which also shows the same 
rock, but there it is horizontal, or nearly so; from this exposure 
I obtained Parasmilia centralis, Rhynchonella plicatilis (large), 
Terebratula semiglobosa, Spondylus spinosus, and the cast of a 
Turbo (probably Geinitzt). 


The next section is a quarry on the east side of the main 
road, two miles south of Royston, and a mile north of Reed. This 
is represented in Fig. 124, taken from a sketch by Mr. Penning.* 
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Fic. 57.—View of the Chalk-pit north of Reed. 


Feet. 
a. Boulder-clay with hard crystalline chalk beneath. 
bb. Upper Chalk, with layers of flints, and a continuous layer 
or floor of flint (dipping N. at 21 deg.) at - 18 
Hard compact cream-coloured nodular chalk with 
cc. Chalk many fossils - - - -  -_ about 2 
Rock ( Rough whitish chalk with a few scattered flints in 
Beds. the lower part - - 10 
Hard nodular cream-coloured chalk 2 


d. Middle Chalk.—Firm white chalk with a sparse layer of 
flints at the top, curving till nearly horizontal. 

Another interesting section is shown in a pit at Newsells Bury, 
half a mile north of Barkway, where the anticline is more pro- 
nounced, and the beds curve over till they dip at 60° to the north. 
The succession here in 1877 was as follows :— 


Feet. 
Upper Chalk.—Soft white chalk with scattered flints - 6 
Chalk Hard cream-coloured nodular limestone -_——- 2 
Tack becca whitish chalk with a thin layer of whitish 
mar - - - = -912 
Bede: Hard cream-coloured nodular rock ; many fossils 24 
Firm white chalk - - ae Ne ey 


*See “Geology of the N.W. part of Essex,” Mem. Geol. Survey, 1878 
.8; also H. B. Woodward, Quart. Journ. Geol. Soc., vol. lix., p. 362, and 
roc. Geol. Assoc., vol. xviii., 1903. 
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The rock-beds are also seen at Barley (Smyth’s End), where 
they dip north-west at about 40°, and again near Heydon, where 
they are dipping at about 25° a little west of north. Beyond 
this the flexure has not been traced. 


The Chalk Rock is exposed by the roadside half a mile east 
of Little Chesterford, and better in a quarry 8.S.E. of the farm 
called Great Chesterford Park, where the section recorded by 
Mr. Penning is as follows :— 

_ Peat. 
. Chalk with flints dipping slightly toS.E.-  - = - 6 
. Rubbly lumps of yellowish crystalline chalk set in a 

marly matrix with fossils and phosphatic nodules. 9-5 
Marly chalk - - - -  - - ~ 
Hard crystalline chalk, passing downinto- -~ - 

Soft chalk with few flints - - 2 = + 10 


ree ae 


Cambridgeshire.—North of Chesterford no good exposures were 
found till we reach a pit by Carleton Grange, N.N.E. of 
Balsham, where the Chalk Rock, about 3 feet thick, forms the 
roof of several tunnels which have been driven into the Middle 
Chalk below it. 


The quarry at the Limekilns, just north-west of Balsham, is 
above the rock-bed, and appears to represent the upper part of the 
H. planus zone. ‘It is about 16 feet deep, in soft white chalk, with 
several layers of flints, which are black inside and enclose some 
fossils (Cidaris, Spondylus spinosus, etc.). Mr. Allen also obtained 
many Micrasters, and Mr. EK. T. Newton informs me that a re-ex- 
amination of these shows that most of them belong to the form 
now called M. Leskei, but that one of them is a good specimen of 
M. corbovis. 


There is another quarry to the northward, and half a mile 
north-west of West Wratting, which is in similar chalk, and this, 
too, has yielded M. Lesket and M. precursor, but not M. corbovis. 


It has also been quarried three-quarters of a mile south-west 
of Westley Waterless, where the following section was seen :— 


Pet 

White chalk with flints - - 8 
Chalk Rock.—Compact yellowish ‘tinedtione; much braken up, 

but upper surface clearly marked - - - about 3 


White chalk with a few scattered flints. 


The next exposure is a quarry by Underwood Hall, north-west 
of Westley, but no Chalk Rock limestone exists here, and the 
characters of the chalk are so different that one would hardly 
suppose the beds to be on the horizon of the Chalk Rock, were 
it not that they are fossiliferous, and contain the same fauna. 
A brief note of this section was published in the “ Geology of the 
Neighbourhood of Cambridge” (p. 68), but Mr. H. Woods has 
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kindly supplied with me more accurate measurements, taken 


by him in 1899. These are as below :— 
Ft. in. 
White chalk with many flints in somewhat : 

irregular layers - - 16 3 
Lumps and discontinuous layers of very “hard 

chalk embedded in soft chalk, nash a few flints. 

Many fossils - - 6 3 
Soft chalk with a few fiinta - 2 0 
Continuous layer of flint - - - - - O 2 

1 8 
0 3 
4 9 


Zone or 
H. planus. 


Chalk with occasional flints - - 

Continuous layer of flint - 

Soft white chalk in thick beds, mah occasional 
flints, to floor of quarry - - 


Middle 
Chalk 


In a pit west of Stetchworth Church the rock appears again in 
its normal form, and contains some of the usual fossils. It is 
seen at the bottom of the pit and yielded Micraster corbovis, M. 
Leskei, M. precursor and Lima Hoperi. Above it there is about 
16 feet of challx which contains regular horizontal layers of black 
flints ; some of these flints, however, are of great vertical height, 
two feet or more, passing through one or more beds of chalk, 
and swelling out slightly at the planes of division. 

Mr. Woods also informs me that the Chalk Rock is particularly 
well shown in a quarry at Wood Ditton, still further eastward, 
and he sends me the following particulars of the section as seen 
in August, 1899 :— 

Feet. 
Firm white chalk with a few flints, weathering into rather 
thin pieces. Some phosphatic nodules occur a the very 
Upper base - 104 
Chalk. | Chalk Rock.—Very hard chalk with many green- acoaiell 


phosphatic nodules, passing down into lumpy chalk, con- 
sisting of hard masses with softer chalk between - - 24 
Soft chalk with very few flints - 2 = 3h 
Middle} Continuous flint-band from } to 14 inches. 
Chalk }Soft chalk -with rather large and fairly numerous flints ; 
bedding well marked - - - seen for 9 


954 


The upper surface of the Chalk Rock is a well-marked plane. 
The beds dip southward at about 2° or 3°; those above the 
flint band are best seen on the south and south-east sides, those 
below it on the north side of the pit. 

A pit about half-a-mile north of Cheveley shows firm white 
Chalk with flints, from which Mr. Woods has obtained fossils 
that prove it to belong to the zone of H. planus. Micraster 
corbovis is abundant, and with it are forms of M. precursor 
which Dr. Rowe pronounces to be like those from the H. planus 
zone on the South Coast. 
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Mr. Woods also found the rock-bed exposed in a pit about 
a quarter of a mile west of Upper Higham, the section showing :— 


Feet. 
Chalk (inaccessible) - - 3 to4 
Chalk Rock passing down into lunge chalk -— - 24 
Soft white chalk with few flints ; Holaster planes, 
Mier. corbovis, Spondylus spunosus - 64 
Continuous layer of flint 1 to 2 inches thick. 
Soft white chalk with flints - - -  seenfor 7 
About 20 


The railway cutting east of Higham Station, and a large pit by 
the road to Bury, near by, show chalk with Holaster placenta and 
Micraster which were submitted to Dr. Rowe, who refers them to 
the upper part of the zone of Holaster planus. 


Zone of Micraster cortestudinarium. 


This zone is probably represented in some of the overlying 
chalk, but no exposures have been found which can be referred 
to it with any degree of certainty. 

The chalk exposed in a small quarry near Little Saxham pro- 
bably belongs to this zone; Mr. Woods found here spines of 
Cidaris clavigera and many fragments of a large Inoceramus. 


Zone of Micraster coranguinum. 


Essex. In the valley of the Cam there are several pits near 
Saffron Walden and Littlebury in chalk, with layers of flints.* 


From the lime-kiln half a mile north of Saffron Walden the 
following fossils were obtained:—Kpiaster gibbus, Micraster 
precursor, Cidaris serrifera, Echinocorys scutatus, and Ino- 
ceramus Cuvieri, species which seem to indicate the M. coran- 
guinum zone. From another pit half a mile east of the town the 
following were obtained from the workmen :— 


Coscinopora quincuncialis. Cidaris sceptrifera. 
 Parasmilia centralis. Actinocamax? (broken). 
Bourgueticrinus ellipticus. Scapanorhynchus rhaphiodon 


Cambridgeshire. The chalk near Shudy Camps has yielded 
Micraster coranguinum, and Galerites subrotundus,+ and Mr. 
H. Woods informs me that Infulaster excentricus was also obtained 
by Mr. J. Carter from that locality. 

The shaft and boring at the Town Waterworks of Shudy 
Camps are 255 feet deep, and the following information 


* See Geology of the North-West part of Essex (Sh. 47), Mem. Geol. 
Survey, pp. 10, 11 (1878). 
+ See Geol. Mag. for 1891, p. 116. 
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respecting them is from Mr. J. Ingold, who made the well, 


which was dug 103 feet and bored 152 feet :— . 
2 . Feet. 
Loam and boulder clay- - - - - - - to 25 
Chalk and clay - - - - - 8 
Chalk with flints - ee 207 
255 


Suffolk. In the south-east ot Suffolk this zone is almost 
entirely concealed by Glacial deposits, but is exposed in several 
quarries near Bury St. Edmunds. I had surmised that the chalk 
.of Bury belonged to this zone from the geographical position ot 
the town, but had no proof of it till this year (1902), when, at 
my suggestion, the Rev. E. Hill, Rector af Cockfield, was kind 
enough to obtain fossils from one of the pits. These confirmed 
my surmise, and I am indebted to Dr. A. W. Rowe for his 
opinion as to the zonal position of the fauna obtained. 


The quarry visited by Mr. Hill is south-west of the town, and 
the chalk is burnt for ime. Mr. Hill has furnished me with the 
following description of the section—the pit is about 35 feet 
deep, and the succession is as follows :— 


Feet. In. 
Soil and chalk-rubble - Os 
Chalk, with a few scattered flints - - oe 6 - 
Flints in line, but widely separated, up to 0 6 
Chalk, with a few scattered flints - - 6 - 
Flints in line at irregular distances, up to 0 8 
Chalk without flints, seen for - - - 20 - 


The flints are black inside with a thin white cortex, seldom 
more than 4" of an inch thick; some of those in the lower plane 
are large, massive, lenticular flints, from 12 to 18 inches long. 
The fossils found were the following :— 


Echinocorys scutatus. Thecidium Wetherelli (common). 
Micraster coranguinum. Ostrea vesicularis. 

‘ 5 var. gibbosa. » normaniana. 
Terebratula semiglobosa. Plicatula sigillina. 


Dr. Rowe, to whom the Echinoderms were sent for examina- 
tion, informs me that they belong to varieties which are 
characteristic of the middle part of the zone of M. coranguinum. 
Some of the Micrasters are short, gibbous and conical, eons 
resembling Hpiuster gibbus, except that they possess a decided 
subanal fasciole ; Dr. Rowe regards these as merely a variety of 
M. coranguinum, but M. Lambert includes them in his 
M. senonensis together with the non-fascioled forms usually 
known as Hpiaster gibbus, considering the presence or absence 
of a fasciole as of small importance. 


Another quarry, about a mile north-east of Bury, on the road 
to Ixworth, was visited by Mr. Hill, and found to show about 15 
feet of chalk with two layers of flints, but no fossils were 
obtained. 
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Dr. Wheelton Hind has kindly allowed me to examine some 
fossils which he obtained some ‘years ago from a chalk-pit at 
Pakenham, a village 4} miles ENE. of Bury, and I identified 
the following species, which show that this locality comes 
within the same zone :— 


Echinocorys scvtatus. Spondylus spinosus. 
Micraster coranguinum. 5 latus. 
Epiaster gibbus. Plicatula sigillina. 
Galerites albogalerus, Thecidium Wetherelli. 


About 14 mile N-E. of Pakenham, and the same distance §.E. 
of Ixworth, on the road _to Stowlangtoft, is a quarry which 
Mr. Hill has visited, and of which he gives me the dllowine 
aécount—this is an extensive but shallow excavation, usually 
only 10 feet deep, but sometimes worked to 14 feet; from it 
eaves are tunnelled into the chalk, and one of them is as much 
4s 30 feet long. The chalk is very white and soft, and there are 
a few flints scattered irregularly through it, with a layer of flints 
about 10 feet from the surface; some of the latter are large and 
of irregular shape up to 2 feet in length. Mr. Hill found a few 
fossils which appear to belong to the following species, though 
the Echinoderms are much crushed, and I am indebted to Dr. 
Rowe for assistance in their identification :— 


Micraster coranguinum ? Kingena lima. . 
Galerites albogalerus ? (young). Ostrea vesicularis, 
Cidaris sceptrifera. Inoceramus sp. 


Scalpellum maximum. 


The test of the Micraster is very thin, and the beds probably 

belong to the highest part of the zone. 
# South of Fornham All Saints is a large chalk pit, of which 
Mr. Blake observes that it shows “about 20 feet of chalk, 
containing flints irregularly interspersed,” and two thin con- 
tinuous seams of flint, hut no fossils are recorded.* 

The chalk which has been in former days so largely quarried 
to obtain flints for the making of gun-flints at Brandon and 
Lingheath belongs in all probability to the zone of Micraster 
coranguinum, but though Mr. Skertchly obtained useful accounts 
of the succession of beds of chalk and flint proved in the excava- 
tions, he only records a single fossil from them, and that is Echino- 
corys scutatus, a species which has little zonal value. 

My reasons for believing these beds to be referable to the zone 
of M. ‘coranguinum are, (1) their position to the eastward of the 
outcrop of the Middle Chalk ; (2) their alignment with the chalk 
of Bury, now known to belong to this zone; (3) the pre- 
valence of large flints and of thick continuous floors of flint ; 
(4) the fact that in at least one layer the flints have a banded 
crust. It is possible, however, that the lowest part of the series 


* Geology of Parts of Cambridgeshire and Suffolk (Expl. of Sh. 51 N.E., 
p. 47). 
6821 Q 
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1. Sand and gravel - 


flints stand edgewise oronend - 


is included in the following :— 
5. Soft white chalk - 8 8 ef 


breaking in lengths of a foot or less 


7. Soft white chalk, as before “os 


8. First pipe-clay, or seam of marl - 


out from the joints - - 


flint. Only used as building stones 
11. Soft white chalk - oe 
12, Second pipe-clay or marl seam : 
13. Hard while chalk, one jointless bed 
14. Soft white chalk 


17. Soft white chalk - 
18. Third pipe clay - 3 te 


19. Hard white chalk - - 2 - 


which the best guu-flints are made. 


flints a eee 


22. Hard white chalk - - . = 


black flints in hard chalk = - 


24, Soft white chalk. 


I'ic. 58.—Section at Lingheath, Brandon (8. B. J. Skertchly). 


2. “Dead lime” or reconstructed chalk, in ohn the 


8. Soft white chalk of the ordinary character - 


4. “Horns,” an irregular layer of flints which are 
nearly all small and finger-shaped. he thickness 


6. “ Toppings,” the first regular layer of flint almost 
continuous, knobby on the tup, flat at the base, 


9. Hard, white, sub-crystalline, chalky limestone, 
which rings under vhe pick and has to be ae 


10. “ Upper Crust Flints,” generally separate, round, 
and lumpy; nearly always grey inside ; 
thick and double, often parted by a thin layer of 


15. * Walt Stone, ” a continuous floor of black | flint, with 
© paps” or knobs above and horn-like projections 
below, which are sometimes a foot in length 

16. Very soft chalk, so full of “horn” flints that the 
pick can hardly be used ; often stained yelluw - 


20. “ Floor stone,” generally continuous, but sometimes 
in ovoid masses, which are called “heel-pieces ” 
black but often | grey in the middle: the bed from 


21. Soft white chalk. sometimes containing Jarge 


23. “Rough and Smooth Blacks;” large separate 


45 


NEorS 


in. 


CoOoOnom 
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may belong to the zone of M. cortestudinarium. The account 
opposite is taken from published Survey Memoirs, and was 
obtained entirely by Mr. S. B. J. Skertchly. * 

Shafts and pits for extracting flints were made on Icklingham 
Heath at a spot about a mile and a half north of Icklingham 
St. James, also at Elvedon, at Lingheath, south of Brandon, 
on Santon Downham Warren (east. of Brandon), and at Grimes 
Graves (north of Brandon), the distance between the first and 
last locality being about 8} miles. Throughout this district 
the same succession of flint beds could be recognised in every 
excavation ; each bed of flint has its own particular characters, 
and was given a special name by the workmen. This general 
succession is shown in Fig. 124, which is that of the Lingheath 
Pits. They were seldom deeper than 45 feet. 

Some variations of course occur in the thickness of the individual 
beds of chalk at different places, and consequently in the distance 
between one layer of flint and another, also in the size of the flints 
and in the thickness of the flint floors. Thus at Icklingham, 
‘according to Mr. Ashley, who worked the pits there, the 
“Toppings” varied from 5 to 12 inches, the “ Upper Crusts ” 
from 6 to 18 inches, the Wall Stone from 12 to 18 inches, and the 
floor stone from 3 to 12 inches. But the quality of each flint bed 
—that is to say, its texture, colour, and mode of fracture—seems 
to be almost invariably the same. Moreover, the three layers of 
mar] and the bed of hard chalky limestone below the first one 
occur in the same order wherever they have been traversed. 

Mr. Skertchly mentions that the “ floor stone ” was found 7 feet 
below the surface in sinking a well at Shakers Lodge, on Wangford 
Rabbit Warren, which is important as indicating the probable 
line of outcrop of the above series. A chalk-pit close to the lodge 
of Elvedon Park showed some of the above-mentioned beds in 1875, 
as noted by Mr. Skertchly. 


Ft. in. 
Sand 3 0-3 OU 
White chalk with scattered horns flints 11 Oo 
Pipe-clay marl 0 4 
White chalk - - 3 0 
Upper crust flints, large and irregular 0 8 
White chalk 4 6 
Wall stone (flints) 10 
White chalk - 4 0 


A specimen of Echinocorys scutatus was found here. 


Zone of Marsupites. 


The existence of this zone in Suffolk has only recently been 
proved and recorded + by means of fossils sent to me by the 


* See Geology of S.W. Norfolk and N. Cambridgeshire, being the 
Explanation of Sheet 65, p. 42 (1893). 
+ See Proc. Geol. Assoc. vol. xviii. p. 88. 
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Rev. E. Hill and Dr. Holden, of Sudbury. Plates of Uintacrinus . 
have not yet been found, but there is good reason to believe that 

the lower part of the Marsupites zone is represented in the chalk 

which is quarried at and near Sudbury. One quarry to the 

north-east of the town is worked to a depth of about 50 feet in 

chalk which is white, soft, and contains very few flints; from it 

Dr. Holden obtained fossils which belong to the following 

species :— 


Lamna appendiculata. Ostrea, vesicularis. 
Oxyrhina sp. »  semiplana. 
Actinocamax granulatus. Pecten cretosus. 

- verus. Lima Hoperi. 


The Actinocamaz were sent to Dr. Rowe, who kindly wrote to 
the effect that the specimen of A. granulatus, with its scanty and 
somewhat feeble granulation, was such as he would expect to 
occur in the zone of Marsupites and that the example of A. verus 
was similar to those coming from the Uintacrinus band of that 
zone, in which it is a common fossil. He was consequently of 
opinion that the Sudbury chalk probably belonged to the band 
or sub-zone of Uintacrinus. 

The probability of this reference being correct is greatly 
increased” by the discovery of a plate of Marsupites at Monks 
Eleigh, a village about 7 miles N.Ii. of Sudbury. This plate was 
found by Mr. E. Hill, who sent me the following particulars : 
The chalk pit from which the fossils came is in “‘ Back Lane ” on 
the south side of the brook; it has a face about 8 feet high and 
20 feet long, and the chalk is soft, white and damp; the only 
flints visible were one or two isolated nodules ; fossils are very 
scarce and the only organisms found beside the single plate of 
Marsupites testudinarius were a small Ostrea, fragments of 
Inoceramus and Porosphera globularis. 

From Monks Eleigh the outcrop of the Marsupites zone 
probably runs northward by Brettenham, Felsham and Elmswell, 
but that district is deeply covered with Glacial beds, so that no 
evidence is obtamable. Further north, however, the chalk comes 
to the surface again in places, and it has been quarried near 
Wattisfield and Botesdale. No fossils have yet been recorded 
from these pits, and the only information I have been able to 
obtain is that published in the Survey Memoir on the country 
round Diss, Hye, &c. (Explanation of Sheet 50 N.W.), from which 
the following is quoted :— 

“ Challx is shown in the valley at Wattisfield and Botesdale. 
About 1} miles north-west of Wattisfield Church is a pit showing 
8 feet of soft marly chalk, with few flints. . . . At Botesdale, 
west of Broom Hills Farm, is a pit showing 14 feet of soft chalk, 
with a few flints. . . . Due north of the church, and close 
by the road, is a large chalk-pit, showing 20 feet of marly and 
rubbly chalk, overlaid by patches of gravel. A layer of flints in 
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the lower half of the pit showed a local anticlinal disturbance, the 
flint line being bent up on one side to an anwle of 45°. 
“ Near Hinderclay, one mile west of Rickinghall Inferior Church, 
a large pit showed 50 feet of soft rubbly chalk, with few flints, 
and with a line [seam] of tabular flint slightly undulating.” 
At Diss a deep boring was made at Mr. Taylor’s brewery in 
_ 1834. Of this two accounts exist, both of which are given in the 
Memoir above quoted (pp. 23 and 24). They do not differ much, 
and I quote below the one which seems most probable ; this is the 
account communicated to Samuel Woodward, of Norwich. 


Feet. 
Blue clay with shells - 50 
Sand and gravel - - 50 
Chalk nearly white without flints - + 80 
White chalk with layers of flints - 350 
Grey chalk with layers of white chalk - 60 
Blue clay. with chalk stones - 25 

615 


In the other account 100 feet is assigned to the white chalk 
without flints, which is described as soft and marly; this may 
possibly belong to the zone of Marsupittes, as long ago suggested by 
Dr. Ch. Barrois (Recherches, p. 166). The “ chalk with flints ” 
‘would then include the zones of Micraster coranguinum, M. cor- 
testudinarium, Holaster planus, and Terebratulina. The grey 
chalk probably represents the zone of Rhynchonella Cuvieri. 
Respecting the blue clay, Dr. 8. Woodward has left a note that 
“from the specimen this appeared to be Chalk Marl,” but this 
specimen may have come from the Belemnite Mar! at the top of 


the Lower Chalk. 


Zone of Actinocamax quadratus. 


The most westerly pit in the South of Suffolk which can be 
referred with any probability to this zone is at Nedging near 
Bildeston and two miles east of Monks Eleigh. This was visited 
by Mr. E. Hill who found and sent me a well-granulated 
specimen of Actinocamaz granulatus, stating that the pit is over 
20 feet deep and that no flints were visible in the exposed face 
but a few were lying on the floor of the pit. The only other 
fossils obtained were Ostrea acutirostris and Bourgueticrinus sp. 
(cylindrical). The chalk here must be on the confines of the 
Marsupites and Act. quadratus zones. 

In the valley of the Gipping, near Needham Market, there is 
also chalk with very few flints, and as Actinocamaz granulatus 
has been found at one locality, the chalk here doubtless belongs 
to the zone characterised by that species. The following notes are 
reprinted from the Geological Survey ‘Memoir on the “ Geology 
ot the Neighbourhood of Stowmarket,” and are by Messrs. J. H. 


Blake and F. J. Bennett. 
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“ Barking chalk-pit, south of Needham Market, is a large quarry. 
There are hardly any flints to be seen in the chalk here.” The 
following fossils were found by Mr. Blake and named by Mr. 
Etheridge :— 


Actinocamax granulatus. | Ostrea acutirostris. 
Inoceramus mytiloides ? Retepora ? 
s (larger sp.). 


“The large chalk-pit about half a mile south east of Offton 
Church shows about 50 feet of marly, blocky chalk, rather soft, 
with few flints, and dipping slightly north-eastward.” 

There are other pits in similar chalk near Little Blakenham. 

“Coddenham challk-pits, a mile N.N.W. of the church, give 
fine sections, and Mr. Blake got a few fossils here.”” These were 
identified by Mr. Etheridge as Avicula sp., Ostrea acutirostris ?, 
O. normaniana, O. semrplana, and Terebratula semiglobosa. 

There is “ a large chalk pit on the high road south-west of Claydon 
Church,” which Mr. Whitaker describes as showing “ bedded 
chalk, almost flintless, 50 feet or more,” and containing “ small 
species of Ostrea, as at Needham Market.” 

About two miles further south, at Bramford, is another large 
quarry, for particulars of which I am indebted to Mr. G. H. 
Hewetson, of Ipswich ; this quarry on its eastern side presents a 
face of about 130 feet in height; the chalk is white where not 
stained yellow by infiltrated colouring matter; it is soft but firm, 
and is without flints except for one layer about 110 feet from the 
surface. Many fossils have been obtained from this quarry by 
the members of the Ipswich Svientific Society, and those sent to 
~ae for identification were the following :— 


Lamna appendiculata. Spondylus lacus. 
Belemnitella lanceolata ? Tnoceramus sp. 
Actinocamax granulatus. Serpula sp. (5-angled). 
Ostrea curvirostris. Echinocorys scutatus. 
»  Dormaniana. Offaster pillula. 
»  vesicularis. Coelosmilia granulata. 


Pecten cretosus. 


Mr. R. M. Brydone has also collected from Bramford and has 
kindly sent me a note of some additional species which are in- 
corporated in the list on p. 247. 


Zone of Belemnitella Mucronata. 


No good evidence of the existence of this zone in Essex or in 
Suffolk is yet forthcoming. In the explanation of Sheet 47 of the 
Geological Survey Map (p. 22) it is stated that Bel. mucronata 
occurs in the chalk below the Reading Beds at Bishops Stortford, 
but this requires confirmation ; it may have been Actinocamaz 
granulatus, which has elsewhere been mistaken for Bel. mucronata. 

It is very likely that this zone does occur beneath the Drift and 
Crag to the east of Debenham (in Sheet 50 S.E.), but there are 
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very few exposures in that district, the only one noted in the Survey 
Memoir on that sheet being an old pit at King’s Hill, south of Ear] 
Soham. At Easton Park a boring made in 1873 is said to have 
found chalk at 100 feet from the surface, and to have been carried 
to a total depth of 550 feet, but no particulars respecting the chalk 
are preserved (op. cit. p. 50). 


FossILs FROM, THE UPPER CHALK OF CAMBRIDGE, Essex AND 
SUFFOLK. 


The following list of fossils from these counties has been compiled 
partly from the lists given in the Memoirs of the Geological Survey, 
but mainly from the paper referred to on p. 235. The first 
column includes species found in the Chalk Rock Beds ; the second 
those from the higher part of the H. planus zone in Cambridge 
and Suffolk. The letter e=Essex, c=Cambridgeshire, s=Suffolk. 


Zone of Hol. 
planus. 

Chalk | Higher 

Rock. | Beds. 


Zone of Micraster 

cortestudinarium. 

Zone of Micraster 

coranguinum. 
Zone of 
Marsupites. 
Zone of Actinocamax 

quadratus 


Pisces. 
Cimolichthys lewesiensis, Leidy 
Lamna appendiculata, 4g. - - 
Oxyrhina sp. - - = 
Protosphyrena ferox, Leidy e 
Scapanorhynchus rhaphiodon, Ag. as 


Cephalopoda. 
Am. [Pachydiscus] peramplus, Mant. - ec oS 
Aptychus leptophyllus, Sharpe = = 4 
Crioceras ellipticum, Mant. - - . c a 
Scaphites Geinitzi, d’Orb.  - ese 
Nautilus gubiatigartss apts . 3 c - 
Actinocamax granulatus, Blainv. - - - e 

‘3 verus, Miller - 

Belemnitella lanceolata, Schloth. - 
mucronata, Schloth.- 


2O, eon 
7a) 


fy) BLS ig 


nom, wo 


Gasteropoda. 
Avellana of Humboldti, Miler - e 
Natica vulgaris, Reuss - - - c 
Pleurotomaria perspectiva, Mant. 
Solariella gemmata, Sow. _ - - 
Trochus (Cirrus) striatus, Woodw. 
Schliiteri, Woods - - 


Lamellibranchiata. 
Aviculasp. - + - + + 
Cardita cnncellate, Woods - c te 
TInoceramus Cuvieri, Sow. - - - ec c 
ap. (like mytiloide., Sow.) 
a sp. (small) - - - - : ec 
Lima Hoperi, Sow. - - - c ¢c 
»  pectinata, d’Ord. 5 
Ostrea acutirostris, Nilss.  - 
curvirostris, Nilss. 
hippopodium,dOrb.- = - 
sok rage d'Oro. 
semiplana, Sow. - 
‘ vesicularis, Soi. 
Pecten cretosus, Defr. - 
pexatus, Woods - - 
»  (Neithea) 5-costatus, Sow . - 
Pinna decussata, Goldf. - - 
Plicatula sigillina, Woodw. - - 
Septifer lineatus, Sow. - - fe 


a 


, 
(He aes 
; PUM, Hy, , a, | 


a 
|; Ban, 


Q 
! 
1 
1 


Ce ee ee 
° 


ic} 
1 
1 
1 
1 
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« 
Zone of Hol. we & s 
$6 |S. ,\l 8 
planus. sg ga Poe 3g 
Sa) 88 | 2a | 83 
—_— ee, Ss 3 
se | se | 8 | 23 
Chalk | Higher] 3 3 S z s | 38 
ae aS o 
Rock. | Beds. | S8 | 8 8 
N 
Spondylus latus, Sow. - -| ec ¢ 8 
spinosus, Sow. - : - ec cs - 
Trapezium trapezoidalis, Roemer. - : e os 
Brachiopoda. 
Crania parisiensis, Defr. - . : 
Kingena lima, Defr.  - - = = = 
Rhynchonella Pplicatilis, Som, os - ec c 
reedensis, Eth. - ec - 
Terebratula carnea, Sow. - ec c - 
Nt semiglobosa, Sow. - ec -C8 
sexradiata- : - - - “ 
Terebratulina gracilis ? Schloth. (var. )- : c 
striata, Wahl. - - ¢ 
Thecidjum Wetherelli, Dav.- - - = 
; Bryozoa. 
Diastopora congesta, d’Orb. - : - c 
Domopora clavula ? d’Orb. - ¢ 
Retepora? - - - : : - t- is 
Membranipora sp. - - - - ¢ 
Echinodermata. 
Bourgueticrinus ellipticus, Mi'ler - - - es 8 
Cardiaster ananchytis, Leske - : c = 
Cidaris clavigera, Konig : - - = a 8 
»  sceptrifera, Mant. - : c - e 8 
» serrifera, Forbes - - = e 
» —-Vesiculosa, Gold f. : - = c 
» 8p. (spine) - - : : e a 
Cyphosoma adiatuxs, Sorig. - - - e 
Echinocorys scutatus, Leske - : ec c e s 
Epiaster gibbus, Lam. - oe e 
Galerites albogalerus, Leske - - 
Holaster planus, Mant. - - - ec 8 
placenta, Ag. - - - - - s 
Infulaster excentricus, Rose - - 
Marsupites testudinar.us, Schloth. - 
Micraster corbovis, Forbes -  - - - c es 2 
i coranguinum, Leske - - - = = cs 
s 99 var. gibbosa : - = - 
=i Leskei, Desm. . - . ec c 
precursor, Rowe - . : ec cs es 
Offaster pillula, Lam. - + © 5 - - 8 
Crustacea. 
Scalpellum maximum Darw.  - - 
Annelida. 
Serpula (convolute sp.) - - - - - - 
» canteriata, Hag. - . : - 
Actinozoa. 
Ceelosmilia granulata, Dune. - . : - - 8 
Parasmilia centralis, Mant. - - : - ec 
Spongida. 
Camerospongia campinalats, T. Smith - ¢ es 
subrotunda, 7. Smith- - c 
Coscinopora quincuncialis, 7. Smith - : c 
Etheridgea (sponge allied to) . - e - = 
Guettardia stellata, Mich. - - e i = 
Porochonia simplex, T. Smith - - e - = = 
Porosphera globularis, Phil. - . . - c e 8 2 
Ventriculites impressus, 7. Smith  - e - = a o 
ey mammillaris, 7. Smith - : e - a ~ =. 
ia radiatus, Mant. - : : e im = = a os 
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CHAPTER XIX. 
THE UPPER CHALK IN N ORFOLK. 
GENERAL DESCRIPTION. 


The Upper Chalk of Norfolk has been much more thoroughly 
explored than that of Suffolk. Several active geologists lived at 
and near Norwich during the first half of this century, and one of 
them (Samuel Woodward) published in 1883 “ An Outline of the 
Geology of Norfolk,” in which he divided the formation into four 
parts, namely, (1) Upper Chalk with many flints; (2) Medial 
Chalk, with few flints ; (3) Lower Chalk without flints ; (4) Chalk 
Marl; and at the same time he showed on a small geological map 
the extent of ground occupied by each of these several divisions. 

C. B. Rose (1835-1869) followed in S. Woodward’s footsteps, 
and always maintained the propriety of the arrangement into 
Lower, Medial, and Upper Chalk, pointing out that certain fossils 
are characteristic of each division.* From the descriptions given 
it is clear that their Upper Chalk included all the chalk in which 
Belemnites are common, ?.e., the zones of Ostrea lunata, Bel. mucro- 
nata, Act. quadratus and Marsupites. The chalk of the M. coran- 
guinwm zone—that in which many Inocerami and the two species 
of Infulaster occur is referred to the “‘ Medial Chalk,” and it is 
correctly stated that in this division, which includes all the rest of 
the chalk with flints, Belemnites and Ammonites are rare. 

Dr. Barrois explored the northern border of Norfolk in 1875, 
and identified the same zones there which he had recognised in 
other parts of the county.t The Geological Survey of the county 
was begun in 1875, and completed in 1883, and Mr. W. Hill 
subsequently examined the chalk of West Norfolk ; memoirs ex- 
planatory of all the sheets, which include parts of Norfolk, have 
been published. Moreover, the fossil collector of the Survey 
(Mr. Rhodes) has at different times collected from various horizons 
in the chalk, both in western and central Norfolk. The conse- 
quence is that a fairly complete account of the Norfolk Chalk can 
now be given, and the course of some of the zones can be roughly 
indicated (see map Fig. 59). 

One interesting feature in the Chalk of this county is that 
beds are exposed near Trimingham which appear to be com- 
parable with the chalk of Maestricht, in Belgium, and of Rigen, in 


* See Geol. Mag., Vol. iv., p. 30 (1867). 
+ See Recherches sur le Terr. Crét. Sup., p. 156 (1876). 
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Pomerania, and are thus higher and newer than any other chalk 
in England. 


With regard to the thickness of the Upper Chalk and of the 
Chalk as a whole in Norfolk, data for a rough calculation are afford- 
ed by two deep borings, one made at Norwich in 1868, and one at 
Holkham Hall in 1867. The accounts which have been given of 
these borings differ in some particulars, but the following are those 
generally regarded as most trustworthy :— 


Boring at Norwich. Boring at Holkham Hall 


Feet. Feet. 
Alluvium - - - 12] Gravel 20 
Chalk with flints at distances | Chalk with flints, the last of 
of 6 or 7 feet apart 500| three masses of flint, each 
Soft chalk of a rusty colour 10| 8 to 4 feet thick, at a 
Harder chalk with flints as depth of 510 feet 519 
above - = 190 | Chalk without flints - 116 
Hard chalk with flints about Red marl [=‘‘ Red Chalk ”}- 8 
about 4 feet apart 350] Blue gault - 10 
Chalk without flints 102 | Sandstone and sand 70 
Greensand and Gault (base not Stiff clay, touched- — 
reached) - 42 — 
‘ — 743 
1,206 


The total thickness of chalk proved in the Norwich boring is 
1,152 feet, but as the boring was at the level of the river alluvium, 
and the chalk rises to about 40 feet above it, the total thickness at 
Norwich is 1,192 feet.* Again, the Trimingham chalk being 
newer than any at Norwich, and its thickness at Mundesley being 
probably over 100 feet, a further addition must be made for it, 
bringing the total up to 1,292, or in round numbers 1,300 feet, as 
the probable thickness below eastern Norfolk 


With respect to the thicknesses of the several zones the Hollk- 
ham boring gives us some assistance. In it the 116 feet of chalk 
without flints must include the Lower Chall (? 56 feet), the zone of 
Rhynchonella Cuviert (2 40 feet), and a little of the Terebratulina 
zone (20 feet). Probably another 90 feet may be assigned to the 
zones of Terebratulina and Hol. planus. This accounts for 206 
feet out of a total of 635, but as the boring commences in the 
Marsupites zone, the upper 70 or 80 feet probably belongs to that 
zone, leaving about 350 for the Micraster zones that intervene. 


In the Norwich boring the total thickness of the chalk con- 
taining flints is said to be 1,050 feet; if we assume that 440 feet 
of this belongs to the Terebratulina, H. planus and Micraster zones, 
we have 610 feet left to represent the zones of Marsupites, 
Actinocamaz quadratus and Belemnitella mucronata, to which 40 
feet must be added for chalk above the level of the river. Taking 


* H. B. Woodward, Geology of Norwich, Mem. Geol. Survey, p. 9. 
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all things into consideration we may venture en the following 
approximate thicknesses := 


Feet. 
Zone of Ostrea lunata a i C0) 
Zone of Belemnitella muctonata = - + + + - 250 
Zones of Act. quadratus and Marsupites - - = 400 
Zones of M. coranguinum and M. cortestudinarium- - 340 
Zone of Holaster planus - - - - - - = 50. 
Middle and Lower Chalk + - - - + + = 150* 
1,290 


We have here iridluded the whole of the zone of Holaster planus in 
the Upper Chalk, thus making its thickness 1,140 feet, but as 
atated in Volume II. p. 473 it is possible that some of the H. planus 
chalk really belongs to the Middle division, and there is at present 
no definite base line to the Upper Chalk of Norfolk. 


STRATIGRAPHICAL DETAILS. 


Zone of Holaster planus. 


Only one section of this zone has been seen in the southern 
part of Norfolk ; this is in the cutting on the railway which com- 
mences about 2 miles west of Swaffham Station ; the locality was 
visited by Messrs. W. Hill and W. Whitaker in 1886,f and subse- 
quently by the former alone in 1897; the following account of 
it is from Mr. Hill’s later notes :— 

At the western end of the cutting white chalk with greyish- 
black flints and containing Holaster planus is exposed for some 50 
yards, dipping gently to the eastward. Near the eastern bridge 
a layer of large grey-black flints comes in, and about 24 feet above 
this there is a bed of hard semi-crystalline creamy-white chalk, 
about 10 inches thick, lumpy or nodular at the top, and overlain 
by 4 inches of very marly, buff-coloured chalk. The hard bed 
contains a fair number of fossils, and the following were found by 
Messrs. Hill and Whitaker :— 


Lamna (tooth). Terebratula semiglobosa. 
Inoceramus (fragments). Holaster planus. 
Rhynchonella plicatilis (large). Micraster sp. 

i reedensis. Cidaris (spines). 
Terebratula carnea. Cyphosoma radiatum. 


Thus both in its lithological characters and in its fossils this bed 
resembles the Chalk Rock, but it does not contain glauconite nor 
any green-coated nodules. 

The marly chalk is succeeded by white chall with flints, and 
in this Echinocorys scutatus occurs, but was not found below. 


* The 102 feet of chalk without flints below Norwich is less than would 
be expected from the thickness of such chalk at the outcrop near Marham, 
where there must be at least 130 feet, but it is quite possible that the Lower 
and Middle Chalk become thinner toward the west. 

+ See Geology of South-Western Norfolk, etc., Mem, Geol. Survey, p. 39, 
(1893). See te oe a 
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Tn the northern part of Norfolk the Terebratulina zone passes up 
into chalk which is still rather hard and contains layers of dark grey 
flints with occasional seams of flint which are often continuous for 
many yards. _ This chalk contains Holaster planus, and has been 
recognised at several localities within the area of Sheet 69. One 
of the best sections is in a quarry three-quarters of a mile N.N.W. 
of Great~ Bircham Church, and of this the following account is 
given by Mr. W. Hill:—* © - 


Ft. in. 
Soil and broken chalk - - 3 0 
Layer of large separate flat lenticular flints - , 0 6 
Chalk (much broken) with Holaster planus 6 6 
Layer of large grey-black flints 0 6 
Broken chalk with a few small scattered flints - 3.0 
Layer of large massive flints - -. 0 9 
Chalk- - . seen for 1 6 

15 9 


Dr. Barrois had previously recognised these beds and their charac- 
teristic fossil in a quarry to the west of Bircham Newton, describing 
them as “hard white chalk with nodules of grey flint and grey 
tabular layers from 2 to 24 inches thick and less than 3 feet apart. 
Between these flints there are large isolated flints similar to those 
which are so frequent in the Norwich chalk, and which are known 
by the name of Paramoudras.”’t 

From this pit he obtained Am. [Pachydiscus] peramplus, Echino- 
corys gibbus and Holaster planus, and from a pit near Docking he 
got the two latter species with a Belemnite of which he says, “ The 
presence of a Belemnite at this horizon is interesting ; it is a frag- 
ment the precise determination of which is unfortunately impossible, 
but it is comparable with Bel. strehlensis, Fritsch.” 


? Zone of Micraster cortestudinarium. 


Neither Professor Barrois nor Mr. Hill succeeded in positively 
recognising this zone in Norfollx, the reason being that, with the 
exception of Hchanocorys scutatus, fossils are so rare in the chalk 
which may represent it that only one specimen of Mcraster 
cortestudinarium has yet been found. But as stated in the 
memoir on the borders of the Wash (p. 70), if we eliminate those 
places where Holaster planus has been found, and those where 
Micraster coranguinum occurs, there is left a tract of country, in 
which a few quarries exist, and the chalk seen in these may be 
referred provisionally to the zone of Micraster cortestudinarium. — 

The Aficraster which has been identified by Dr. Rowe as 
M. cortestudinartum was obtained by Mr. Hill from a quarry 
near Swaffham, about half a mile west of the station, and on the 


* Geology of the Borders of the Wash. Mem. Geol. Survey, p. 68 (1899). 
+ Recherches sur le Terr. Crét. Supérieur, p. 161. 
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south side of the line; the pit was from 25 to 30 feet deep in soft 
white chalk containing some scattered flints, and one bed 3 feet 
thick with many flints scattered through it; the flints are thin- 
skinned and black inside. Besides the Micraster, he found 
Echinocorys scutatus, and was told that Belemnites sometimes 
occurred. ; 

This band of chalk runs from the neighbourhood of Castle 
Acre and Massingham Heath by Rudham, Tatterset, Bagthorpe, 
Barmer, and Syderstone, and thence northward by Stanhoe to 
Burnham Westgate. In the country between Castle Acre and 
Brandon no exploration of the Challx has yet been made. 

Two exposures of this chalk may be mentioned. One is about 
a mile north-east of Rudham railway station, and is deseribed by 
Mr. Hill, who saw it in 1897, as about 30 feet deep in chalk with 
several layers of greyish-black flints, some rather large. He found 
a fragment of a Belemnite and a small Rhynchonella Cuvieri. 

The other quarry, half a mile north-east of Houghton Church, 
was also visited by Mr. Hill, who writes— “It is in rather softer white 
chalk than is usual, and the flints are blacker and smaller in size. 
About 25 feet of chalk are shown, but the only fossils seen were a 
fragment of a Cadaris spine and a crushed Hchinocorys scutatus. 


Zone of Micraster coranguinum. 


The chalk of the Brandon district has been described in the 
preceding chapter, and the chalk at and near Thetford must belong 
to the same zone, but’ the only references to it that I can find are 
(1) by C. B. Rose* in 1862, who remarks that “at Thetford 
eylindrical forms of flint from 18 to 24 inches in length are numer- 
ously distributed through the chalk,” and that thin seams of flint 
are also seen; (2) by Mr. F. J. Bennett, in 1884, who mentions a 
pit about two miles north-east of Thetford, showing about 12 feet 
of soft rubbly chalk from which Mr. Rhodes obtained Cidaris 
perornata, an Inoceramus, and a sponge. (3) Mr. Rhodes also 
visited a pit half a mile north of the Mound, Thetford, (in sheet 
51) and describes the chalk as soft, greyish and bedded; he 
obtained fish-teeth, and fossils identified as Trochus cirrhus, 
Micraster precursor, Bowrgueticrinus, and spines of Cidaris. 

The chalk of this zone spreads northward by Mundford Stan- 
ford, Hilborough, Cressingham, and Watton, but the only published 
information refers to the chalk of Saham Tony and of Ashill, both 
near Watton. 

Mr. Bennett has recorded the existence of two quarries, re- 
spectively, one and 14 miles west of Saham Tony, both in soft chalk 
with layers of nodular flints.t From the first he obtained 


* Proc. Geol. Assoc., Vol. i. p. 231. 
+ Geology of the Country around Attleborough, etc. p. 3, (1884). 
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Mi icraster coranguinum and Inoceramus; from the second 
r. Rhodes cdllected I noceramus involutus, In. Lamarck, Pecten 
érétosus, did a Spbnitylis: : 


A little further north, arid less than 4 niile west of Ashili, Me: 
J.H. Blake found a large pit showing 30 feet of bedded balk with 
idyers of flint nodules. A few fossils were fourid heie by Me: 
Rhodes, viz., Coscinopora quincuncialis, Parasmilia éentralis, 
a Oidaris spirie; and Inocérantus (cf. Brongniarti).* 


Swafthan has long beort known ag a locality for Chalk fossils; 
and lists were published by S. Woodward and G. B. Bose; but no 
careful collecting has been done there in recent years. ee 


R. C. Tivlor has remarkedf that the disposition of the flints 
in the Swaffham chalk is peculiar, “ two layers forming a pair being 
set at a distance of a foot apart and each pair at the distance of 
several feet from the next pair.”” Mr. Rose also remarked on the 
great siz2 of the tabular flints, ‘many of them 8 or more feet in 
length ant fron 9 to 12 inches in thickness.”{ As these observa- 
tions do not apply to the chall: in the quarry seen by Mr. Hill west 
of Swaffham Station, they must refer to that exposed in some of 
the old pits, of which there are many to the south and west of 
Swaffham. There are also old quarries near Castle Acre, four 
miles to the north, and at the Lexhams. 


Litcham, about seven miles north-east of Swaffham, is another 
place where chalk has heen quarried, and from which C. B. 
Rose obtained fossils. A quarry was still worked here in 1883 to 
the north-east of the church, and showed about 25 feet of chalk 
with 5 or 6 layers of black flint nodules and a few large irregular- 
shaped flints.§ There is another quarry about half a mile S8.S.W. 
of Litcham, in which a few fossils were found by Mr. Rhodes. 


To the north of Litcham, Lexham, and Rougham the Chalk 
is deeply covered by Boulder Clay, and little of it is again seen till 
we come to the valley of the Creake River. Here at South Creake 
there is a pit over 20 feet deep in rather hard chalk with layers of 
flints which are dark greyish-black inside. This pit has been 
visited by Prof. Barrois and by Mr. W. Hill, who both refer it to 
the zone of Micraster coranguinwm. Mr. Rhodes has also collected 
from it and the neighbouring pits, and the fossils obtained are 
included in the list on p. 265. 


The pits at Burnham Overy, north of the church, and east of 
Burnham Thorpe, are in the same beds, but fossils are less common. 


*Geology of the Country around: East Dereham p. 11 (1888). 

t Trans. Geol. Soc., Ser. 2, Vol. i. p. 878 (1824). 

t Phil. Mag., Ser. 2, Vol. vii. p. 370 (1835). 

§ See note by H. B. Woodward in the Geology of the Country around, 
Fast Dereham, Mem. Geol. Survey p.. 10 (1888). 
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2. Zones of Marsupites and Actinocamax quadratus. 


These zones cannot be separated in Norfolk without 
more careful exploration than has hitherto been bestowed 
upon them, but Belemnites identified as Actinocamaz granulatus 
and Act. quadratus occur throughout a considerable thickness of 
chalk. This chalk enters Norfolk between Brettenham and Diss, 
and runs northward in a broad band to the west of Wymondham, 
Reepham, and Holt (see Map, Fig. 59.) 

Mr. Bennett* notes that a large pit north-west of Bridgeham 
shows 20 feet of soft thin-bedded chalk with a few flints, and that 


fe} 5 10 Feet 


Fic. 61.—Section in a Quarry south-west of Ringland Church. 


- a. Gravel and sand. 
Glacial eds. fs Bra oy jo 
: c. Ash-coloured pebbly sand. 
Pebbly Series. |g, Orange-coloured sand. 
Chalk. =e. Soft white chalk with some flints. 


Mr. Rhodes obtained a few fossils from it, including a Belemnite 
(Act. verus?). In another pit, one mile W.S.W. of Banham, he 
saw “15 feet of soft rubbly chalk with flints,” and from this Mr. 
Rhodes obtained Aétinocamaz granulatus and other fossils. 

To the northward, within the area comprised by sheet 66 N.W., 
there are many exposures of chalk containing Actinocamaz which 
are either A. granulatus or A. quadratus, and the pits have been 
described by the late Mr. J. H. Blake, in a memoir on the 
country round East Dereham (1888). From this memoir the 
following general account has been compiled :— 

Near Ringland there are five or six pits which expose chalk 


*Geology of the Country around Attleborough, Mem. Geol. Survey, 
p. 4 (1884), 
682] 
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beneath a variable thickness of pebbly sands and glacial drift. Fig. 
61 represent sone of these, south-west of the church. Another, 
N.N.E. of the church, shows 18 feet of chalk, and there is also a 
good section half a mile south of the church. In all the chalk is soft, 
and contains a fair number of flints, black inside, of very irregular 
shapes and irregularly distributed, seldom along lines of bedding. 
Act. granulatus, Rhynchonella limbata, and other fossils were 
collected by Mr. Rhodes. 

- Similar chalk with Act. granulatus is seen in a pit over half a 
mile south-east of Lyng, and also half a mile north of Swanton 
Morley. In the latter 12 to 17 feet of chalk is shown, “ soft, 
thinly-bedded, and containing very irregular-shaped black flints 
with white coating (one 20 inches long and 4 thick), also lumps of 
iron pyrites from 3 to 4 inches in diameter.” 

Chalk of the same description is found near Attlebridge, Swan- 
nington, Alderford, Great Witchingham, Sparham, Banbury and 
Billingford. The chalk seen in the pits at these places is described 
by Mr. Blake in similar terms, flints always occurring, but generally 
scattered, and if in lines with intervals between the nodules, so that 
they are much less numerous than in the zone of M. coranguinum 
to the westward. Specimens of Actinocamaz which appear to be 
A. quadratus were found at most of the places above mentioned, 
with Ostrea acutirostris at Billingford, but no plates of 
Marsupites were found at any locality in this district. 

Chalk with the same lithological and paleontological characters 
passes northward through the area comprised within sheets 
68 S.W. and 68 N.W., and has been described by Mr. H. B. 
Woodward. From his memoir* the following passages are taken : 

At Guist and Bintree, west of Foulsham, there are pits showing 
soft chalk with a few scattered flints, and at both places Mr. 
Rhodes found many specimens of Actinocomaz granulatus and 
an oyster-bed full of Ostrea acuttrostris. 

At‘ Houghton-in-the-Dale the chalk is comparatively hard, and 
in the limekiln pit Mr. Rhodes found an oyster-bed with 0. acuti- 
rostris at about 10 feet from the surface, as well as Act. granulatus 
and many plates of Marsupites. Marsupites were also found in 
a pit at Thorpland associated with Act. granulatus, Avicula sp. 
and Echinocorys. , 

Near Wells there are several exposures both in pits and in the 
railway cuttings in firm chalk with the usual flints and some 
small spherical flints containing sponge remains, which have been 

identified by Dr. G. J. Hinde as Plinthosella squamosa. This 
chalk was identified by Dr. Barrois in 1876 as belonging to his zone 
of Marsupttes, and though he did not find that fossil he obtained 
Act. quadratus, Inoceramus lingua, and some others. 


* Ceology of the Country Round Fakenham, Wells and Holt, Mem, 
Geol. Survey, pp. 5-10, (1884), 
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I also visited Wells in 1875, and found the chalk worked in a 
quarry by the railway, three quarters of a mile south-east of the 
station, rising in places to the surface but trenched elsewhere by 
hollows filled with drift. In another pit to the south-east 25 feet 
of chalk was shown with courses of nodular flints at distances of 
6 or 8 feet apart, and with a thin continuous seam of flint ; a seam 
of grey marl about two inches thick occurred about 15 feet froma the 
surface ; bedding horizontal. From this pit Mr. Rhodes obtained 
Belemnites which have been identified as Belemnitella mucronata 
and Actinocamaz quadratus ? 

A pit at the north-west end of the town (Bases Lane) showed 
rather lumpy chalk, with indistinct bedding, a continuous seam 
of flint and scattered flint nodules. I obtained Act. granulatus ? 
Echinocorys scutatus, and an Inoceramus, but fossils were rather 
scarce at both localities. 

At Holkham a pit and a railway cutting have yielded Act. 
quadratus ?, Ostrea acutirostris and O. vesicularis. 

Chalk is exposed at and_near Stiffkey, three miles east of Wells, 
but no fossils were found. ““ .. 


Zone of Belemnitella mucronata. 


The chalk of this zone is only exposed here and there along the 
course of the valleys which traverse the eastern part of the county, 
being for the most part covered by the Crag and Drift Deposits. 

It was formerly much quarried near Norwich, and many fossils 
were obtained by a former generation of geologists, notably by 
S Woodward, the author of “An Outline of the Geology of Norfolk 
(1833). The following account is taken chiefly from the Memoir 
on the Geology of the country around Norwich by Mr. H. B. 
Woodward (grandson of S. Woodward). 

The chalk near Norwich is soft and white with a clean and even 
fracture, splitting into long wedge-shaped or lenticular beds along 
planes which appear to be nearly horizontal joints rather than 
planes of original bedding. Flint nodules occur at irregular inter- 
vals, but generally in lines which seem to mark out the true strati- 
fication of the chalk. Besides these layers of flint nodules, which 
occur at varying intervals of from 2 to 6 feet apart, there are also 
some very large flints known as pot-stones or “ paramoudras ” ; 

.these are rudely cylindrical or cup-shaped with a central cavity, 
they are often 2 or 3 feet in height with a width of 1 or 2 feet, but 
some have been found over 6 feet high ; they generally occupy a 
vertical position and occur both in and between the layers of ordi- 
nary flints. ; 

Many fissures and fractures occur in the chalk, and sometimes 
it is locally bent into curves and flexures which have been attributed 


to the forcible impact of ice. 
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In the valley of the Yare the chalk is not exposed further east 
than, Postwick and Surlingham. In the valley of the Bure it 
appears as an inlier extending from Aylsham to Wroxham. On 
the northern coast it is exposed from Weybourn to Runton, and 
thence at intervals on the shore to Cromer. Mr. C. Reid writes :— 
“ Between Weybourn and Cromer the chalk is soft with many 
flints, in fact, at Runton flints are so abundant that on the foreshore 
they often form a nearly continuous reticulated pavement ..... 
From Old Hithe to Cromer paramoudras are common, and there 
are [also] numerous rings of flint, commonly 3 to 6 feet in diameter, 
often containing smaller rings, with sometimes a paramoudra in 
the centre (see Fig. 62). 


Fic. 62.—Plan of Flint-rings on the foreshore at Runton. 
Scale, 2 feet to an inch. 


“ Perfect circles were measured up to 9 feet across, and one 
irregular oval was 15 feet . . . They are mere shallow rings 
about 10 inches or a foot in depth and not sections of cups, for when 
traced downward they never show a cup-shape or any tendency 
to a narrowing of the circle. Though sponges are very abundant 
no definite connection can be traced between the shape of the sponge 
and that of the ring or paramoudra, for irregular sponges appeal 
to occur indifferently in the chalk or in flint. 


“ Fossils, except sponges, are not very plentiful, though Belem- 
nitella mucronata and fragments of Inoceramus are common . . 
From the general character of the chalk it appears to correspond 


with that of Norwich, but the fossils have yet to be collected and 
compared.” * 


Mr. Brydone informs me that the chalk at West Runton 
contains many fossils, Echinocorys scutatus being common, and 
bearing many Bryozoa, including Homalostega pavonia. He 
thinks this chalk may lie in a syncline, and be nearer the zone of 
9. lunata than that seen at Cromer. 


* The Geology of the Country Around Cromer, by C. Reid, Mem. Geol. 
Survey, p. 3. (1882). 
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Zone of Ostrea lunata, 


This zone (see p. 12) is only exposed in the bluffs and on the 
foreshore near Trimingham and Mundesley. It rises above the 
beach at two places, but one of these prominences has now been 
almost entirely worn away. The following account of the most 
northerly mass is from notes taken by myself in 1875, and 
published in 1880*:— 

“The mass of chalk is about 35 yards long, and about 30 feet 
high, ending on each side with a nearly perpendicular face, ... . 
and it is clear that much chalk has been carried away from both 
ends ; (see Fig. 63), the front face stands out 8 or 9 yards from the 
base of this talus (from the foundering cliffs). 

“The chalk contains bands of flints at distances of from 2 to 
3 feet apart. Some of these are hard, black, and compact, but the 


Fic. 63.—Sketch of Northern Bluff, Trmingham, in 1875. 
From Ann. Mag. Nat. Hist., Ser. 5, Vol. VI., p. 306. 


majority are only half silicified, being hollow or partly filled with 
a grey, chalky matter, which is gritty to the touch, and is full of 
sponge spicules and minute organisms. The flints are, moreover, 
surrounded with similar greyish chalk, which sometimes forms a 
band connecting two or more together. This greyish chalk also 
occurs in places without enclosing any flinty matter, and gives a 
mottled appearance to the mass. Between the layers of flint 
nodules the rock is full of a small curved species of oyster (now 
identified as Ostrea lunata). Belemnitella mucronata is also 
common, and there are many other fossils, but the best specimens 
are adherent to the flints. 

“Tf the measurements above given be compared with those of 
Sir Ch. Lyell, and the mass in its present state be compared with 


* The Chalk Bluffs of Trimmingham, Ann. Mag. Nat. Hist. Ser. 5, 
Vol. vi. p. 305. 
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the figure in the early editions of the “ Principles of Geology ” 
(reproduced in Fig. 64) it will be seen that it has now only one- 
third of the length it possessed in 1839 (viz., 106 yards). Originally 
the front face seems to have exhibited a complete synclinal curve, 
with more than half of the corresponding anticlinal at the southern 
end; but now only the centre of the synclinal is left, the beds 
rising very slightly to the southern, and more decidedly towards 
the northern end.” 


Fic. 64.—The Northern Bluff, Trimingham, 1839 (after_Lyell). 


a. Chalk. 
b. Sand. 
c. Boulder Clay. 


With regard to the dip of the beds, as viewed from the sides, some 
difference of opinion has existed. It is seldom, indeed, that a-clear 
section is exhibited by the side face, for the chalk breaks away 
along joint-planes which are often discoloured. Mr. Clement : 
Reid, however, had opportunities of visiting the spot after winta: 
storms had cleared the section, and he discovered that the beds. 
are bent into a sharp curve or loop, and are so flexed as to be hori- 
zontal in one place and nearly vertical in another. The diagram 
(Fig. Bop a isan enlargement of part of the section drawn, n by Mr. 


ee 
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Fic. 65.—Northern 7 side t view in 1878, 3, (after C. Reid). 


a. Chalk. b. Boulder-clay. 
c. Sand. d. Contorted Drift. 


Reid.* The continuous line in the chalk indicates the position of 
a bed of gritty or sandy chalk, observed by Mr. Reid, about 12 inches 
thick: An analysis of this bed will be found on p. 359. Re 


Still more recently the Trimingham chalk has been ‘again ; 
explored by Mr. Reid and by Mr. R. M. Brydone, both of whom _ 


*See Geol Mag., Dec. 2, Vol. vii. p. 55 (1880). 
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have made large collections of fossils, and have kindly placed the 
following information at my disposal. * 

Mr. Reid informs me that the chalk exposed is divisible into 
two portions, which may be regarded as sub-zones, and are sepa- 
rated by the sandy bed seen in the northern bluff. In the lower 
bed the large Ostrea vesicularis is common, but does not range 
above the sandy layer; while Ostrea lunata and Thecidium 
vermiculare are confined to the upper beds in which they are 
abundant. For figures of these, see pp. 23 and 25. 

Mr. Brydone confirms the above remarks, and is inclined to 
think that four different beds are distinguishable in this chalk. 
He also measured the southern bluff, and found that it extends 
along the shore for about 110 yards, but the northern part is low 
and the southern part is not more than 30 feet in height. In 
the southern part the upper beds are clean and white, the lower 
beds are mottled by small irregular patches of greyish chalk. 
The dips shown by the layers of flints indicate a low anticlinal 
arch, the strike of which seems to be iutersected by the seaward 
face. The lowest bed seen in the centre of the arch is a hard 
rough yellowish chalk, in which occurs a curiously shaped variety 
of Echinecorys scutatus, with a very thick test. Above this are 
about 9 feet of mottled chalk without Ostrea lunata, and then 
about 20 feet in which O. lunata is common. 

The northern part of this bluff consists of soft marly chalk 
which differs from that of the southern part; it does not contain 
Ostrea lunata, though it has yielded most of the other fossils of 
the zone. The flints too are different, and Mr. Brydone thinks 
that it is separated from the southern part by a fault. 

Mr. Brydone also discovered another exposure of chalk on the 
foreshore, near Mundesley, and over half a mile south of the two 
bluffs. This is probably rarely clear of sand, but was exposed in 
August, 1898, a block of chalk 25 feet long, six feet wide, and 
2 feet high standing out of the sand. The beds appeared to dip 
at about 5° in a southerly direction, and in character and in fossils 
resembled those of the northern bluff. 

In the same year (1898) a well was sunk in Mundesley, 
which passed through Glacial and Pliocene Beds into the chalk 
of the 0. lunata zone. Mr. C. Reid informs me that the weil 
passed through the following :— 


Feet. 
Pleistocene and Pliocene Beds - - - = 89 
Chalk with Ostrea lunata and a layer crowded with that shell 
at 119 feet - - - , = - 61 
Shalk with flints—no fossils obtained - - - - 50 
200 


* Mr. Brydone has published his notes under the title of “The 
Stratigraphy and Fauna of the Trimmingham chalk” (Dulau & Co., 
1900). 7 ; 


264 THE CRETACEOUS ROCKS OF BRITAIN. 


He believes from the character of the chalk and flints below 
150 feet that all the chalk traversed (111 feet) belongs to the 
zone of O. lunata. 


It will be seen from the fcllowing list of fossils, that a number 
of species occur in the zone of Osérea lunata, which are not found 
in the zones below, and most of these are Rtigen and Maestricht 
species. Bryozoa, too, are very abundant, both in the chalk and 
in the rough hollow flints, and many of the species, such as 
Pachydera grandis, Suicocava costulata, Homalostega erecta, 
H. vespertilio and Eschara galeata, are characteristic of the 
Riigen chalk. 


List or FossILs FROM THE Upper CHALK oF NORFOLK. 


The following list has been compiled from several sources :— 


The species recorded by Professor Ch. Barrois in his “ Re- 
cherches sur le Terrain Crétacé de |’ Angleterre ” (1876). 


The lists given in those memoirs of the Geological Survey 
which describe the western and central parts of Norfolk (Sheets 65, 
G6, 68, and 69 of the Survey Map). 


A long list of the fossils found near Norwich was given by Mr. 
H. B. Woodward in his Memoir on the Geology of the Country 
Around Norwich (1881). The nomenclature of these lists has 
been revised, and some species of doubtful occurrence have been 
omitted. It is also possible that. some which have been quoted 
from the Norwich Chalk were not really obtained at that place, 
but from other localitiés in East Norfolk. 


The species recorded from the Norwich Chalk in the mono- 
graphs on the Cretaceous Echinodermata, Actinozoa, and Brachio- 
poda, published by the Paleontographical Society. 


The fossils from the Norwich Chalk in the Woodwardian 
Museum, Cambridge, a list of which has been communicated by 
Mr. H. Woods. 


For the numerous entries in column five (Trimingham 
Chalk) I am mainly indebted to Mr. R. M. Brydone, who collected 
largely from this chalk in 1899, and published a list in 1900. 
In the determination of the species he received great assistance from 
Professor Deecke, of Greifswald, to whom most of the. fossils 
were sent for comparison with those found in the Chalk of 
Riigen. Mr. Brydone has communicated a few corrections of, 
and additions to, his published list. 
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Cephalopoda. 

Ammonites [Haploceras] catinus, Mant. | - = - 4 - 
" [a Jicenicus, Sharpe | - ~ - 4 - 
as {Lytoceras}] Jukesi, Sharpe = = an 4 - 
» [Pachydiscus] peramplus, Mant.| 1 | - - - - 
a sy |Portlocki, Sharpe | —- - - 4 - 
55 [Phylloc.] Pergensi, de Gross. | — - - 4 - 
45 Fae Oldbhami, Sharpe | -- - - 4 . 

Baculites Taniioai: Sow. -_ & =). = - 4. 5 

Hamites sp. - - - -| - = = A - 

Crioceras elinaens # Mant. -| - - - 4 - 

Heteroceras, cf. polyplocus, Roem. -{ - - _ 4 = 

Actinocamax quadratus, Defr. - -| — - 3 - - 

granulatus, Blainv. - a] te 2 3 - = 

Aptychus peramplus ? Sharpe x ef e < - re 5 

Belemnitella, lanceolata, Schloth. - -| — = 3 4 5 

mucronata, Schloth. -} - i 3 4 5 

Belemnites, cf. strehlensis, Peitech, -} lL - - - = 

Nautilus Bayfieldi,t F. C. and a a = a 4 5 

Nautilus sp. - a - = = 5 

Gasteropoda., 

Avellana cassis, d’Orb. - - - -| — 7 Bs 4 = 

Cerithium sp. re = = = 5 

Dentalium sp. - - -| = = a 4 5 

Dolium sp. - a 3 = 4 = 

-Emarginula “unicostata, Seeley a = = 4 = 

Nerinza unicarinata, Woodw. - - - - 4 - 

Pleurotomaria perspectiva, Mant. - 2 - 4 - 

Trochus Basteroti, Brongn. - - a ies 4 = 

(Cirrus) striatus, Woodw. = 2 3 = es 
Turritella Sp. - eee ue = = 4 = 
Turbo retifer, Holz. - 25 = - S -~ |.5 

Lamellibranchiata. 

Anomia subtruncata? d’Orb. - +] = - - - 5 

Spaces ee. tes Gei[ lee ES a 4 = 
Arca. Geinitzi, Reuss ee = ie 4 5 
Avicula nitida, Rose (M.S.) - -{o- = 3 = = 

” subnodosa, Hag - - -] - a te = 5 
Chama ineequirostrata, S. Woodw. -j| - ~ - 5 
: Cucullza sp. - 2 7 5 2 =f = = - = 5 


- Te This species has been reported, but we cannot confirm its occurrence.— 
t The forms named Deslongchampsianus, elegans, and radiatus in 
previous lists are not those species, but belong to V. Bayfieldi.--E..T.N. 
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= Ss | S88 S 
Cuspidaria caudata, Nilss. = - = = = 4 = 
Exogyra sp. -  - - Be = 3 _ _ 
Goniomya sp. a rs = ” ie 5 
Inoceramus Brongniarti, Sow. -| - 2 = = - 
Pe Cuvieri { Sow. - - a 2 = = 50 
i digitatus, Sow. - = = ree 4 _ 
54 giganteus, S. Woodw.- -| ou = = 4 ee 
sa involutus, Sow. - ea a 2 ay |a-9 _ 
ss Lamarcki, ? Park. - = 2 3 ie = 
55 latus, Mant. (non d’Orb.) -| —- = ee 4 a 
‘ ale Goldy. - as = 3 a es 
” * a = 1 2 - - 5 
Lima ane “Hebert es en 2s 4 ie 
5, decussata, Goldf - - 5 -{| - = ms = 5 
5 granosa, Sow. = 5 2 -f = ee ay 4 _ 
» granulata, WVilss. ee ee = 4 5 
» granulosa, Woodw. (7 = granulata) = = = 4 = 
” Hoperi, Sow. = 2 om 4 5 
semisulcata, Vilss. - = ES ~ 4/5 
Modiola Cotte, (See Septifer linaxtiie\ ~ = = 4 7 

Neera caudata Nilss. (See Cuspidaria) 

Nucula pectinata, Sow. S = = = 5 
Ostrea acutirostris, Vilss. = Q 3 iS fe 
»  alxformis, $. Woodw. = a a 4 5 
»  canaliculata, Sow. : = = = 4 5 
» concentrica, Woodw. ee 7 = 4 = 
»  Goldfussi, Holz. - - = ok Z < a | 8 
» hippopodium, Nilss. e ca) 2 i = 5 
», ineequicostata, 8. Woes: - - = - 4 5 
» larva, Lam. = a 3 4 5 
» lunata, Wilss. — - - - o Es ee rc 5 
»» normaniana, d’Orb. - = 2 = 4 és 
»  semiplana, Mant. - - = 2 = 4 5 
» sulcata, Blum. - - - an * = 4 a 
» triangularis,.Woodw. - = - = = = 4 2 
» ungulata, Schloth. - - = = ee = 5 
vesicularis, Lam. - - -f il 2 3 4 5 
Pecten Beaveri? Sow. - - - =] = = 5 4 e 
5,  campaniensis, @’Orb. - - Po = a 4 5 
»  mantellianus, d’Orb. - s 2, |! 32 Us ms 4 5 
»  eretosus Defr(= nitidus, ihe ant.)- | —- 2 3 4 5 
45  Nilssoni, Goldf. - || is ion ei 4 5 
»  pulchellus, Wess. - -{ — ss, = a 5 
» serratus, WVilss. - = = = = 7 
undulatus, WVilss. - = = = is 5 
Pecten (Neithea) quinquecostatus, Sow. 7 - 3 4 5 
Pholadomya decussata ? Phil. - +] = = a 4 2 
” Sp. - is ia “ 7 = = a 4 am 
Pinna sulcata, Woodw. - - -| - = a 4 5 
= = = 4 ie 


» Sp. ° . 7 : i 7 
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Placunopsis undulata ? Holz. - - -| - - - - 5 

Plicatula sigillina, H. Woodw. - o-/ = 2 - 4 5 

Septifer lineatus, Sow. - - - -| = = = a=) 

Spondylus complanatus, d'Orb. - -| - - - 4 - 

ay dutempleanus, d'Orbh. - -| —- - - 4 5 

9 latus, Mant. - -{| - 2 3 4 5 

a5 spinosus, Sow. - -| - 2 - 4 5 

Teredo amphisbena, @oldf. Pe | ee = - 4 = 
Brachiopoda. . 

Crania egnabergensis, Retz. - - oe] = - - 4 5 

»  Parisiensis, Defr. : - -]o- 2 3 4 5 

»  Sspinulosa, WVilss. - 8 -] - = - 7 = 

Kingena lima, Defr. - - - ef. es ay 3 4 Fas 

Lingula subovalis, ? Dav. - - -| - - = - 5 

Magas pumilus, Sow. - - -- =] - a 3 4 5 

Megathyris (Argiope) Bronni, Hag. Se -_ - - 5 

Rhynchonella limbata, Schloth, - -| — - 3 4 5 

45 Martini, ? Mant. - -[.- - 3 - - 

i plicatilis, Sow. - -f 1 2 3 4 5 

<a » var. octoplicata, Sow. | — - - 4 - 

” 3 9 Woodwardi, Dav. | - io - 4 - 

i reedensis, Htht - -|] 1 2 3 4 - 

Terebratula biplicata ? Sow. - +] = ~ _ 4 - 

i carnea, Sow. - - -!| 1 2 3 4 5 

. obesa, Sow. re = oe 4 5 

5 semiglobosa, Sow. - -| 1 2 3 4 - 

Terebratulina Gisel, Hag. - - -| — - = = 5 

ii gracilis, Schioth - -| —- - = iS 5 

» striata, Wahl. - =| oe os 3 4 - 

Thecidium vermiculare, Schloth, - -| — - - 5 

” Wetherelli, Dav. - -] - = i 5 

Trigonosemus elegans, Kénig - -f[ = - - 4 5 

s pulchellus, Nilss. - -| - ~ = = 5 

Bryozoa. 

Berenicea disciformis, Hag. - . 3 = ra = 4 5 

5 acilis, Hdw.- - - a a = 7 te 

3 lacrymopora, Novak - el - - = = 5 

7 papillosa, Reuss - - -| - - - 4 = 

Ceripora ramulosa, Mich. - - - - - 5 

Clausa irregularis, d’Orb. - - - - = 5 

Coscinopleura elegans, Hag. - - -| - - - - 5 

Defrancia Brongniarti, Hdw. - -| - - - = 5 

Entalophora madreporacea, Goldf.- -| - - - - 5 

4 virgula, Hag. - =f = - = 4 5 

Eschara Acis,d’Orb. - - - -| = - - = 5 

3 galeata, Hag. - - - = = = - |. 5 


¢ Under this ure included some 


which have been called Rh Cuvier. 
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Zones of H. planus 
and M; cortest. 


Zones of Marsupites 
and Act. quadratus. 


Zone of Belem. 
mucronata. 


.Z. of Ostrea lunata. 


Homalostega erecta, Hag. 

35 nonna, Hag. - 

as pavonia, Hag. 

35 vespertilio, Hag. 
Lunulites cretaceus, Defr. —- 
Meliceritites angulosa, d’Orb. - 
Membranipora dispersa, Hag. 

3 velamen, Golds. 
Onychosella camerata, Hag. 
a koninckiana, Hag. 
3 Lamarcki, Hag. - 
S parisiensis, a Orb. 
Pachydera grandis, Marss. = - 
Proboscina ramosa, Ldw. - 
Porina filograna, Goldf. - = - 
Retecavea cretacea, Hdw. - 
Reticulipora contingens, Lonsd. 
Semiescharipora galeata, Bezss 


Semimulticavea meudonensis, d’Or" 


Sparsicavea reticulata, Marss. - 
Spiropora verticillata, Goldf. - 
Stomatopora gracilis, dw. - 
- granulata, Hdw. 
Sulcocava costulata, Marss. - 


Systenostoma asperulum, Marss. 


Vincularia abscondita, Marss. 
»  exsculpta, Marss. 
»_- Strumulosa, Maz'ss. 


Crustacea. 


Enoploclytia sussexensis, Mant. 


Loricula pulchella, Sow. 
Pollicipes Angelini, Darw. + 
cancellatus, Marss. 
fallax, Darw. - 
a striatus, Darw. = - 
Pyrgoma cretacea, H. Woodw. 
Scalpellum fossula, Darw. - 
ss maximum, Sow. - 
Verruca prisca, Bosq. _- - 
Ostracoda (see General List). 


_ Annelida. 
Serpula ampullacea, Sow. - 
carinata, S. Woodw. - 
»  canteriata, Hag. - 
contracta, §. Woodw. 
fluctuata, S. Woodw. 
granulata, Sow. - 
ilium, Sow. - os 
»  lituitis, Defr. - | - 
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Zoues of H. planus 
and M. cortest. 


Z. of M. Coranguinum. 


Zones of Marsupites 
and Act. quadratus. 


Zone of Belem. 
mucronata. 


Z. of Ostrea lunata. 


Serpula lumbricus, Defr. - - 
»  macropus, Sow. - - 
» obtusa, Sow. - - 
» Plana, S. Woodw. -— - 
» Plexus, Sow. (=gordialis) 
» pusilla, Sow - -  - 
»  Spirulea, Sow. - - 
»  Striata, Defr. - - 
»  trochiformis, Hag. - 
vortex, S. Woodw. - 
Terebella lewesiensis, Davies 


Echinodermata. 
Bourgueticrinus ellipticus, Miller 
Cardiaster grandis, Benett - 

- ananchytis, Leske 
Cidaris clavigera, Kénig 
»  hirudo, Sorig. - 
»  perornata, Forbes 
»  sceptrifera, Mant. 
» serrata, Desor 
vesiculosa ? Goldf. 
Cyphosoma corollare, Klein 
elongatum, Coit. 
Cyphosoma granulosum, Goldf. 
ss Keenigi, Mant. - 
¥ magnificum, Ag. - 
a radiatum, Sorig. - 
is Wetherelli, Forbes - 
Kchinocorys scutatus, Leske - = 
Epiaster gibbus, Zam. - - 


ee 8 tf b eee 


Galerites abbreviatus, Desor (= Home) 


5 alboglerus, Lieske = 
Holaster a Mant. - - 
» placenta, 4g. - = - 
Infulaster excentricus, Rose - 

RS rostratus, Forbes 
Marsupites testudinarius, Schloth. 
Metopaster Mantelli, Forbes - 

5 Parkinsoni, Forbes 
Micraster coranguinum, Leske 

Ss cortestudinarium, Goldf. 

. precursor, Rowe - = - 
Offaster pillula, Lam. - 
Ophiura subcylindrica ? Hay. - 
Oreaster pistilliferus, Forbes - 
Pentacrinus Agassizi, Hag. - 

45 Bronni, “ag, - 
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Zones of H. planus 


and M. cortest. 
Z. of M. coranguinum. 
Zones of Marsnpites 
and Act. quadratus. 


mu:ronata. 
Z. of Ostrea, lunata. 


Zone of Belem. 


Pentagonaster lunatus, S. Woodw. -[ - 
Phymosoma princeps, Hag.(=Cyphosoma)| — - 
Salenia geometrica, Ag. a - 
»  Magnifica, Wright - - -] - - 
” sp. - . a 
Stegaster sp. - - - - - -f - - 


Actinozoa. 

Axogaster cretacea, Lonsd. - - -| — = 
Caryophyllia cylindracea, Reuss - -| — = 
Ccelosmilia cornucopie, Dunc. = i a 
= cylindrica, Dunc. Sees eo ee 

5 granulata, Dune. - | = ms 

e laxa, Ed.andH.- - -] - = 

3 Wiltshirei, Dune. - -]| = ~ - 

” Sp. is . nd 
Diblasus grevensis, Zonsd. - 
Parasmilia centralis, Mant. - 
PA cylindrica, Edw. - 

‘5 Fittoni, Edw. - 


oe ne 
’ 
t 
a 
ol 


Spongida. 

Cliona cretacea, Porth - - - °° 

»  glomerata, Morris -  - - 
Coeloptychium agaricoides, Goldf.- -| —- - a 

Camerospongia subrotunda, Mant.-  - 
Doryderma ramosum, Mant. - - - 
Guettardia stellata, Mich. Bes os = me 
Plinthosella squamosa, Zitz. - - -| — a 3 
Plocoscyphia Fittoni, Mant.- - -} ~ = 
ii sp. - - = ef - = 
Porosphera globularis, Phil. - -] - 2 
- pileolus, Phil. - - -| - = 
= Woodwardi, Carter - -Jj. - = 
Talpina dendrina, Hag. - = -f - Es 
a ramosa, Hag. - - - -{ - = 
3 solitaria, Hag. - 
Ventriculites alternans, Roemer - -| — = 
cribrosus, Roemer - -| — = 
decurrens, 7. Smith - -| - - 
infundibuliformis, Woodw. | — - 
quincuncialis, T. Smith -| - - 
radiatus, Jant. - -| - a 
” sp. - < = ae 3 = = 
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CHAPTER XX. 


THE UPPER CHALK IN LINCOLNSHIRE AND 
YORKSHIRE. 


1. LINCOLNSHIRE. 


When the Survey Memoirs on the Geology of Lincolnshire were 
published (1887 to 1890) all the flint-bearing chalk seen in that 
county was referred to the Middle Chalk, for the total thickness of 
it was not great, few fossils were found in it, and no special horizon 
was discovered which could be regarded as corresponding to the 
Chalk Rock of more southern counties. ' 

As, however, our knowledge of the fossils of the Upper Chalk 
became more accurate, those obtained by Mr. Rhodes, in 1886, from 
a quarry north of Louth (including Infulaster eacentricus and 
Rhynchonella limbata) impressed me with the probability that the 
Acthorpe quarry was in Upper Chalk. When this idea was im- 
parted to Mr. Hill he determined to see if he could not find the base 
of this Upper Chalk in some other exposures near Louth. A 
short visit to the locality in 1898 enabled him to find beds con- 
taining Micraster Lesket, Holaster planus and Echinocorys scutatus, 
none of which, curiously enough, had previously been obtained 
rom the Lincolnshire Chalk. * 

The relative positions of this quarry (near Boswell, three miles 
north-west of Louth), and that at Acthorpe (north of Louth) do 
not enable us to say which is stratigraphically higher than the 
other, but it has since been proved that the quarries further 
north toward Ormsby are in the zone of Hol. planus; conse- 
quently I am inclined to class all that part of the Lincolnshire 
chalk which contains thick continuous courses of flint and large 
flat lenticular flints as Upper Chalk. 

Most of this chalk is firm and sometimes almost hard, with a 
tendency to break into flattish platy pieces. Inthe higher beds 
the chalk is rather softer, and there is at least one layer of 
shaly grey marl which occurs on the same horizon in several pits. 

The flints in this Upper Chalk are remarkable ; besides nodules 
of ordinary aspect, there are frequently large lenticular masses of 
grey flint, which are truly tabular, since they are often 4 or 5 feet 


* See “ Note on the Upper Chalk of Lincolnshire” by W. Hill, in Geol. 
Mag., Dec. 4, Vol. ix., p. 404. 
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in diameter with nearly flat surfaces, and might be set up as tables 
if they could be extracted in a perfect condition ; these generally 
occur in one plane and often nearly touch one another, so that it is 
not surprising to find also continuous floors of similar flint which 
are often 5 or 6 inches thick. Probably the separate flints merge in 
places into a continuous floor, for the intermediate phase of a floor 
thinning and thickening can sometimes be seen. Sometimes 
also the flint floors and lenticles include thin seams of chalk. 

There are other courses which behave like flint floors, but ton- 
tain quite as much chalk as flint, the arrangement of two ingredients 
being so intricate that the layer looks like a breccia of 
broken flint fragments embedded in a matrix of hard white chalk. 
These layers are usually about 4 or 5 inches thick, and have well- 
marked upper and lower surfaces which are smooth and undulating 
or rising into low and broad mammillations as many flint floors do. 
The flinty portions are often sharply angular, and consist of either 
light grey or light brown flint. 

Thinking that the chalk which was thus so intimately associated 
with flint might be partly of a siliceous nature, I wished it to be 
tested by chemical analysis; this was done by my colleague, Mr. 
Grant-Wilson, but he found it to be a nearly pure chalk with only 
1:37 per cent. of insoluble siliceous matter. 


STRATIGRAPHICAL DeralIis. 


No exposure of the Upper Chalk is known to exist in that part 
of the Wolds which lies to south of Louth, though it is quite possible 
that it comes in on the high ground between Driby and Rigsby 
(west of Alford), where a well is said to have traversed 190 feet of 
white chalk. 

The place where Mr. Hill first discovered the zone of Holaster 
planus is in a quarry north of Boswell Farm, and half a mile north- 
west of North Elkington, a village about three miles north-west of 
Louth. Of this he gives the following particulars :— 


Ft. in. 
avel and chalk rubble - - - - - 6 0 
Whe fei with three layers of large flat flints and some 
scattered flint nodules, Mchinocorys scutatus and 
Micraster Lesket - > - - - 5 = © 5 6 
Firm white chalk; Uf Lesket- - - - - + 3 0 
A thick continuous floor of flint - - - - - 05 
White chalk, somewhat harder, with Holaster planus 
M. Leskei and Kungena lima - ; 2 9 
Thick layer of intermingled chalk and angular flint - 0 8 
Firm white chalk with a layer of large fiat flints  - _- 6 0 
Harder white chalk with two layers of intermingled flint 
a eh = RR ae eee EG 
31 4 


Mr. A. Burnet has found Holaster placenta here. 
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Although the fossils are only found in the upper part of this 
section, the lower beds have just the same characters as those above, 
and it is probable, as Mr. Hill remarks, that they form part of the 
same zone. He was unable to find any exposure which showed 
a passage from the chalk with nodular flints (Terebratulina zone) 
to the chalk with flat flints and continuous floors, so that we 
are not yet able to indicate any exact horizon which might be 
regarded as the base of the Upper Chalk. There can be no doubt, 
however, that he has found fossiliferous beds which are not far 
above the base of that division. 

In the quarry east of Acthorpe Farm, Mr. Hill found about 
18 feet of white chalk, firm but not hard, with layers of grey flint 
nodules and a thin continuous seam of flint at the top. Litho- 
logically, therefore, this chalk resembles that of the Terebratulina 
zone more than that at Boswell, and it is therefore the more 
surprising that Mr. Rhodes should have found the follow- 
ing fossils here: Rhynchonella limbata, Infulaster excentricus, 
Galerites globulus, and Hvppothoa elegans on a hinge of Ino- 
ceramus. The beds are nearly horizontal, and unless they are 
faulted down it is difficult to see how they should be higher strati- 
graphically than those at Boswell, yet the Infulaster and the 
Rhynchonella do not range elsewhere below the zone of Micraster 
cortestudinarium. : 

About a mile north of Acthorpe, between Fotherby and North 
Elkington, is a quarry in chalk resembling that of Boswell, but 
showing a different succession of beds. Near Ormsby there are 
other quarries and all of them show more or less of the same 
succession, which is as follows :— 


Ft. in. 
Thin-bedded white chalk with nodules of grey flint 6 0 
Course of grey flint, brittle and interlaminated with chalk O 6 
Firm creamy white chalk, becoming shaly at the base - 3 O 
Seam of dark grey shaly marl = = - - 0 8 
Hard dull white chalk with flat lenticular flints- - 6 O 
Continuous floor of flint with mammillated surfaces - O 6 
Hard white chalk in thick beds without flints 7 6 
Course of irregular and lenticular flints 2 
Hard dull white chalk with small lenticles of flint - 10 0 
Hard white in more massive beds - seen for 6 O 

About 40 0 


Mr. A. Burnet, of Leeds, has recently made a careful search 
for fossils in these quarries, and has succeeded in finding an 
assemblage which collectively proves the beds to belong to the 
zone of Hol. planus. For the identifications I am responsible. 

From the quarry three-quarters-of-a-mile W.S.W. of Fotherby 
he ‘has obtained the following species :— 


Septifer lineatus Rhynchonella Cuvieri 
Inoceramus Brongniarti? Terebratula carnea 

Plicatula sigillina Terebratulina gracilis, var. lata 
Ostrea normaniana Holaster planus 

Kingena lima » Placenta 


C821 iS) 
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In another a quarter-of-a-mile S.W. of North Ormsby he found:-- ~ 


Inoceramus Cuvieri Magas pumilus 
Ostrea vesicularis Rhynchonella Cuvieri 
» 8p. (small) Micraster Leskei 


A pit three-quarters of a mile N.N.W. of N. Ormsby is over 
40 feet deep and shows the whole series of beds above mentioned ; 
from this Mr. Burnet obtained Rhynchonella Cuvieri, Terebratula 
carnea Holaster (either planus or placenta), and Echinocorys 
scutatus. 

Finally, in a quarry about half-a-mile south of Wyham he found 
that Cidaris-spines were fairly plentiful associated with 
Rhynchonella Cuvieri. The spine sent to me for identification 
appeared to be one of C. sceptrifera. 

At and near Cadeby there are quarries showing a different set 
of beds which are probably in a higher part of the series, and 
possibly in the zone of M. cortestudinarium. In one of these I 
found a broken echinoderm, which seemed to be Echinocorys 
scutatus and in another the following succession is shown :— 


Ft. in. 
Broken chalk - - 2 fe - - 20 
Large flat lenticular flints, nearly continuous - up to O 6 
Brittle white chalk with a thin layer of grey marl two 
feet from the base - - 6 0 
Course of intermixed chalk and baer flint - = + 0 6 
Beds of brittle white chalk with a course of large grey 
flint nodules - - +14 0 
23 0 


Another pit north-west of Lambcroft is 26 feet deep, and shows 
six layers of the intermixed flint and chalk with clearly marked 
upper and lower surfaces, the chalk in these layers being hard, 
while that in the other beds is soft and brittle. In this quarry 
Mr. Burnet has found Kingena lima, Rhynch. Cuvieri and a 
spine of Cidaris perornata. 

Still further north by Hawerby, West and East Ravendale, Wold 
Newton, Hatcliffe, Irby and Riby, there are many quarries 
which show portions of the same series of beds as have just been 
described: Oneat West Ravendale showed exactly the same set of 
beds as those near North Ormsby. Quite recently (1903) Mr. Burnet 
has collected the following fossils from this district—Inoceramus 
Cuviert ? Ostrea vesicularis, Spondylus latus, Magas pumilus, 
Rhynchonella Cuvieri, Terebratula carnea and Holaster planus ? 

Mr. Hill made another reconnaissance in North Lincolnshire in 
1899, and succeeded in finding chalk with Holaster planus in a 
quarry half a mile south-east of Kirmington, near Brockleshby. He 
describes the beds seen in this quarry as follows :— 


Ft. in. 

Soil and rubble - 40 
Hard white chalk weathering jaha {iin ‘irregular “platy 

pieces 1 9 

Continuous layer of solid. grey flint - - 085 
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Ft. in. 

ere white chalk, as above with a layer of eo ieniioplee 
Ints = 
Continuous layer of solid erey flint - 
White chalk, rather soft and shaly at the top, H ol. planus. 
Hard white ‘chalk, breaking into thin flattish pieces 
Grey flint, nearly continuous, but nparated't in places into 
detached tabular flints 

Hard white chalk with only a few seabtered nodular flints 


About 24 0 


The quarry at Limber Parva is in similar chalk, but Mr. Hill 
could not find fossils of any kind. Mr. Reid was informed that 
at Mr. Frankish’s house in Great Limber “a well was sunk to a 
depth of 168 feet entirely in chalk with layers of flint.”* He also 
mentions several pits in which the curious layers of imperfect flint, 
or intermixed flint and chalk, are seen ; one of the best exposures 
of these beds being in a quarry one mile west of Uleeby, which 
is 30 feet deep. “ At one spot near the bottom of this pit there is 
an enormous flint nodule, which bends the beds as though it were 
a boulder dropped from above” (op. cit., p. 125). Other large 
upright flints have been noticed at Wold Newton and at Burnham. 
Between Burnham and Barrow there are many pits in chalk with 
tabular and continuous flints. In one east of Burnham Mr. Reid 
found fragments of a sulcated Inoceramus (? digitatus), and in one 
at Barrow Mr. Hill found an Echinocorys scuta us. 
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GENERAL DESCRIPTION. 


The Upper Chalk of Yorkshire, and especially that of Flam- 
borough Head, has been described in more or less detail by several 
observers, the more recent of such notices being those by Professor 
C. Barrois,t Rev. J. F. Blake,} and Mr. G. W. Lamplugh ;§ and 
to Professor Barrois belongs the credit of first indicating the lines 
on which the Yorkshire succession may be compared with that of 
the more southern counties. His account of the zonal succession 
in the cliffs west of Flamborough Head is still the most complete in 
existence, but Dr. Rowe has recently made a more detailed 
examination and his results will doubtless add much to our 
knowledge. 


* The Geology of Parts of North Lincolnshire, etc., Mem. Geol. Surv., 
p. 125 (1890). 
t Recherches sur le Terrain Crétacé supérieur, p, 196 et seq. (1876). 
[On the Chalk of Yorkshire, Proc. Geol. Assoc., Vol. v. p. 232, (1878). 
§ Notes on the White Chalk of Yorkshire, Proc. Yorksh. Geol. and Pol. 
Soc. Vol. xiii. p. 65 and p. 171 (1895 and 1896), 
6821 ‘aa 
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Mr. Blake made an attempt to follow these divisions through 
the inland parts of the country, and though he found himself 
unable to accept Professor Barrois’ zonal classification, owing 
principally to the small number of fossils he, could detect, yet 
he formulated a classification based on the characters of the 
flints in that portion of the series in which they occur. This 
classification is not without value, and a part of his table is 
given below :— 


_— Lithology. | Paleontology. Thickness. 
1 Soft chalk without flints - Zone of Marsupites - = - 329 

2 Chalk with imperfect flints : Zone of Micrasters- = - 120 

3 ete, — Leer pare i - barren zone - -— - } 50 

4 Slaty chalk wit! in flints - nope 

5 Creamy chalk with nodular faints } Zone of Inoc. mytiloides - 200 


As already mentioned the “ creamy chalk with nodular flints ” 
belongs to the Middle Chalk, but the position of the “ slaty chalk,” 
No. 4, is less certain, for we have not been able to identify it in the 
Buckton cliffs, and the only other section of it which is clearly 
located by Mr. Blake (that at Swanland Mill) appears from the 
fossils to belong to the zone of Hol. planus. 


His chalk with many tabular flints is undoubtedly the chalk 
which both Professor Barrois and ourselves refer to the zone of Hol. 
planus, and it is not so barren as Mr. Blake represents, though 
often so hard that fossils cannot be extracted in good condition. 
It is clearly the continuation of the similar chalk in Lincolnshire, 
and as in both counties it also contains Echinocorys scutatus we 
regard it as the equivalent of the hard nodular chalk of the south- 
east of England, and of the Chalk Rock found in the intermediate 
counties. 


To the above succeeds chalk with Micrasters and Inoceramus 
involutus, evidently corresponding to the zones of M. cortestu- 
dinarium and M. coranguinum in the south. Lastly comes a great 
thickness of challx without flints belonging to the zones of Marsu- 
pites and Actinocamas quadratus ; but the higher zone of Belemna- 
tella mucronata does not seem to be exposed. 


Mr. Lamplugh’s papers are less concerned with paleontology, 
but they contain some useful measurements and some excellent 
photographic views of the cliffs. He set himself to estimate the 
thickness of the several portions of the Chalk, and arrived at results 
which show a much greater thickness than had previously been 
supposed. These are given by him as follows :— 


Feet. 
Upper Chalk without flints - - - 650 
Middle Chalk with flints_ => oe - + = 60 
Lower Chalk without flints - _ & & 130 


1,240 
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Some thickness of the chalk with flints belongs to the Upper Chalk, 
and if we thus assign 200 feet the relative thicknesses of the three 
stages will come out as follows :— 


Feet. 
Upper Chalk - = 5 eee + 850 
Middle Chalk - - - - 960 
Lower Chalk - me Bee TBO 
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Fic. 66.—Sketch map of the Chalk-area in Yorkshire. 


About twenty-five years ago Mr. R. Mortimer published some 
account of the distribution of flints:in the Chalk of Yorkshire,* 
with a sketch map of the areas occupied by the flintless and the 
flint-bearing chalk respectively. One of the most interesting 
parts of this paper is the evidence of the eastern extension of the 
flint-bearing chalk below Hull, while throughout the rest of Holder- 
ness the Drift deposits rest on the flintless chalk. 

Mr. Mortimer was inclined to think that the flintless chalk 
passed into that with flints, and tbat the two divisions were merely 


* See Proc. Geol. Assoc., Vol. v. p. 344 (1878). 
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different lithological facies of one contemporaneous mass of chalk, 
but the zonal succession in the Yorkshire Chalk is now too well 
established to permit such a view to be maintained at the present 
day. The evidence which he presents can be interpreted much 
more naturally on the supposition that the strike of the beds curves 
round to the eastward in South Yorkshire just as it does toward 
Speeton and Flamborough. This view is represented on the 
accompanying map of the Yorkshire Chalk (Fig. 66). 


This view finds some confirmation in the great thickness of 
chalk which is said to have been traversed by a boring at Hornsea,* 
the chalk being reached at 120 feet, and chalk without flints pierced 
for 858, the boring ending in “soft black warp or clay,” which, as 
Mr. Lamplugh suggests, may be one of the marly seams in the 
Chalk. If this depth was really entirely through the flintless chalk 
the total thickness of the Yorkshire Chalk will be about 1,450 feet, 
for Hornsea must be very nearly in the centre of the basin. 


STRATIGRAPHICAL DETALS. 
Zone of Holaster planus. 


This zone appears to set in at and west of the village of Hessle, 
and as indications of it we have taken the lowest beds which 
contain the well-known echinoderms, Holaster planus and 
Echinocorys scutatus. 

About half a mile west of Hessle Church, on the road to North 
Ferriby, is a quarry which was visited by Mr. Hill in 1899, and 
he found it to be about 25 feet deep, showing chalk with two con- 
spicuous floors of flint and a well-marked layer of marl near the 
bottom. In the broken chalk at the top he found a fragment of 
Echinocorys scutatus, and what appeared to be a piece of a 
Micraster. 

Mr. J. F. Blake has recorded a section in a quarry at, Swanland 
Mill, which is about a mile north of Ferriby, which he gives as 


follows :— Woe 


Brittle chalk in thin beds, and numerous bands of thin flint 14+ 
White chalk with four thin flint bands, Terebratula 


semiglobosa Siew iss on Be Se 
Continuous doggery flint, banded toward the outside, A nan- 

chytes ovatus and Inoceramus Cuviert _. 1 
Chalk becoming more flaggy and argillaceous below till it 

becomes almost a shale - - 6 


Chalk with flint bands from 6 to 8 inches thick every 2 feet 6 


More than 40 


* Q. Reid, Geology of Holderness Mem. Geol. Survey; p. 141 (1885). 
and G. W. Lamplugh, Proc. Yorksh Geol. and Pol. Soe., Vol. xiii. p. 71 


(1895). 
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Mr. Hill also discovered another section in this zone in a quarry 
west of Goodmanham Lodge, and easily accessible from the Kipling 
Cotes station on the railway from Weighton to Beverley ; of this 
quarry he communicates the following account :— 


Fi. in. 
Smooth and firm white chalk 6 0 
Layer of intermixed flint and chalk  - 0 8 
Firm white chalk, with Holaster planus 16 
Layer of flint and chalk, as above - = - 0 6 
Firm white chalk - - - - s 20 
Continuous floor of flint 0 6 
Firm white chalk with H. planus 3 3 
Continuous floor of flint - - - -*0 6 
Firm white chalk with a marly layer about 9 inches from 
top - - = - i - - 3 0 
About 18 0 


Mr. Hill says: “ The chalk weathers into thin platy or flaggy 
pieces. Holaster planus is not rare, as I obtained four specimens 
besides portions of others, which seemed to be planus.” Fig. 67 
is a section across the outcrop of these beds. 

Further north, in a cutting on the new railway, a mile west of 
Enthorpe Station, Mr. Hill found a good section, which seems to 
show a large part of the Hol. planus zone with some still higher 
beds, the succession being as follows :-— 


Feet. 
White chalk with layers of grey flint - - - + 60 
A marked layer of continuous flint - + = Ps 
Firm white chalk with fewer grey flints in irregular layers. 
Echinocorys scutatus - - — - = = 18 
Firm white chalk with large grey flints in irregular layers. 
Ech. scutatus - os 10 


Firm white chalk with large flint doggers forming nearly 
continuous floors at distances of about 34 feet. Several 
fossils found including Hol. planus and Ech. scutatus - 15 
Well marked layer of marl Be A gee cae Be 
Broken chalk (a few feet) - - 


Over 108 


The well-marked layer of marl above noted can be traced for 
50 or 60 yards, till the dip carries it below the level of the rails. 
We have no further positive information about the inland 
exposures of this zone, but we believe that it would not be difficult 
to trace it by Sherburn and Burdale and thence eastward toward 


the coast. 


Passing now to the cliffs, north of Flamborough Head, we tind 
the zone of Hol. planus coming into them at Thornwick and North 
Sea Landing. It was recognised here by Professor Barrois in 1876, 
and I paid a short visit to the locality in 1880 under the guidance 
of my colleague, Mr. Fox-Strangways. It is probable that in Thorn- 
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wick Nab and Little Thornwick Bay we have the junction of the 
zones of Terebratulina and Hol. planus ; Professor Barrois says : 
“ At Thornwick Nab the chalk is very poor in fossils, it is homo- 
geneous and rather hard, and contains few flints. I obtained from 
it many Inocerami (I. Brongniart.).” 


I examined the chalk of Little Thornwick Bay in 1880 and 
made the following note: The upper beds seen here contain large 
nodular grey flints, below these are thin-bedded strata which 
contain crushed Echinoderms, probably Holaster planus, but 
none sufficiently good for certain determination; these occur 
specially along one horizon below which I could find nothing but 
large Inoceramt. 


Mr. Hill visited Great Thornwick Bay in 1899 and communicates 
the following note: On the west side of the bay the lowest beds 
consist of hard white massive chalk which contains a layer of 
yellowish brown nodules, reminding me strongly of the nodular 
lumps which occur at the top of the Middle Chalk in the south- 
east of England and so often show iron-stained traces of Sponges. 
Above these beds is a layer of large grey flints forming a nearly 
continuous floor. On the eastern side of the bay the following 
section may be measured :— 


Ft. in. 
Very hard white chalk weathering into flattish angular 
fragments, with several layers of tabular flint 122 0 
Hard chalk without flints - - 5 6 
Layer of very large flat lenticular masses of grey flintupto 0 9 
Hard white chalk in massive beds 5 6 
Layer of large separate grey flints (as above) - - - 0 9 
Hard white chalk, well bedded, without flints - - 2 9 
Layer of separate grey flints (as above) 0 6 
Firm white chalk in thick beds with scattered flinta 10 0 
Hard white chalk, with a layer of flat lenticular flints 
down to the same layer of flints as is seen on the west side 
of the bay, here at the tide line - - - 10 0 
47 9 


The place where this section was taken is shown in Plate II 
(Vol. II), for which we are indebted to Mr. G. W. Lamplugh 


and the Council of the Yorkshire Geological and Polytechnic 
Society. 


The only fossils found were a fragment of a Micraster and a cast 
of Rhynchonella in oxide of iron. At North Sea Landing the 
upper part of this section is repeated in a sort of gully washed 
out by a small stream, where Mr. Hill found a thin-shelled 
Holaster which is either H. planus or H. placenta, and a piece of 
Echinocorys scutatus. 


In 1880 I had noted that the chalk with Holasters is overlair. 
by a bed of hard compact semi-crystalline limestone (like that at 
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Hessle), and that the succession near the big arch on the west 
side of the North Sea inlet is as follows :— 
Ft. 


in. 
Hard chalk with layers of large grey tabular flints 770 O 
Thin layer of banded flint, grey with yellow edges oe | 
Hard yellowish chalk - - - - 1 38 
Layer of grey flint with yellow stains 0 6 
Hard compact (? siliceous) limestone 3 0 
Chalk with flints in thick beds 20 0 


Professor Barrois obtained the following fossils from North 
Sea Landing :— 


Inoceramus. Holaster planus. 
Terebratula semiglobosa. Cidaris hirudo. 
Terebratulina striata. Echinocorys gibbus. 
Rhynchonella Cuvieri. Bourgueticrinus. 


Mr. Lamplugh says that in the south-west corner of the Landing 
inlet “there occurs a thin seam containing fragments of the 
stems or arms of a crinoid (probably Bourgueticrinus) in abun- 
dance.” On his sketch-map he marks a dip of 6° to the south as 
shown in these and the adjoining cliffs. 

It is impossible to follow the section eastward toward Brail 
Head, for the sea washes the foot of the cliffs even at low tide, 
and they form nearly vertical walls which are about 140 feet high. 


Zone of Micrasters. 


This includes the remainder of the chalk with flints in Yorkshire, 
but whether it can be divided into zones of Micr. cortestudinarium 
and M. coranguinum we have not at present sufficient evidence 
to decide. 

The most southerly place in Yorkshire where, to our know- 
ledge, Micrasters have been found is near Little Weighton, a 
village about 44 miles south-west of Beverley. Mr. J. W. Stather, 
of Hull, has kindly allowed me to see a Micraster recently obtained 
from the cutting near Little Weighton tunnel, and I find the 
specimen to be a transition form between M. Lesket and M. 
precursor (having a feebly marked subanal fasciole) ; hence I 
should suppose the beds from which it was obtained to be low 
down in the zone of M. cortestudinarium. 

This zone was formerly exposed in a cutting on the Weighton 
and Beverley line west of Kipling Cotes station, but is now 
grassed over. In 1880, while the section was fresh, Mr. H. A. 
Allen obtained the following fossils from this cutting :— 


Jnoceramus. Echinocorys scutatus. 
Lima. Micraster preecursor. 
Ostrea vesicularis. Ventriculites. 
Terebratula semiglobosa. Camerospongia ? 


The same beds must be exposed in the more recent cutting 
west of Enthorpe on the Weighton and Driffield line, for Mr. Hill 
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informs me that this shows over 100 feet of chalk above the beds 
in which he found Holaster planus (see p. 280), but that he could 
not find any perfect Micrasters in them. 

Mr. J. F. Blake states (op. cit. p. 256) that the higher part of 
the flint-bearing chalk is well exposed on Huggate Wold ‘and south- 
ward to Millington ; “‘ here is the home of the wonderful Inocer- 
amus involutus, of which Mr. Mortimer has several perfect in both 
valves [in the Museum at Driffield]... . I found this in more 
than one quarry so that it cannot be scarce ... . Associated 
with it are Terebratula carnea, Spondylus latus, Ananchytes 
ovatus, Ventriculites simplex, Brachiolites, and Scyphia pedun- 
culata.” ’ 


He also remarks that Mr. Mortimer has obtained many fossils 
from these beds near Fridaythorpe, Fimber, Towthorpe, and 
Sutton. Among these he mentions a large Ammonites, Inocer- 
amus digitatus, Micraster -cortestudinarvwm (from Burdale) and 
Infulaster excentricus. 


Mr. Blake designates these beds as the “ chalk with imperfect 
flints,”’ because, like the layers described on p.272, many of the larger 
masses consist partly of flint and partly of chalk. He describes 
them as follows, “their exterior is generally, but not always, 
well marked ; but on breaking them open they are found to be 
by no means entirely composed of flint, but are rather an aggregate 
of angular masses of siliceous matter shading off rather rapidly 
into caleareous, and enveloped in a siliceous envelope.” 


In the quarry near Weaverthorpe Vicarage which is assigned 
to this zone by Mr. Blake the beds are vertical and are probably 
in close proximity to a line of fault. According to the same writer 
the Micraster zone is well exposed in the “‘ Butts quarry ” south of 
Hunmanby ; he describes the chalk there as softer than in the 
lower beds, but flints as abundant. He mentions Inoceramus 
Brongniarti, Echinocorys gibbus, and Micraster corangwinum 


as occurring in this quarry, some of them bearing Polyzoa and 
valves of Spondylus latus. 


On the northern coast of Flamborough Head the greater part 
of the Micraster Beds are inaccessible, as they form vertical clifis, 
the base of which is nearly always washed by the sea, and can 
only be viewed from a boat. 

The highest beds, however, are accessible in Selwick’s Bay. 
This bay, as Mr. Lamplugh has pointed out, owes its existence 
to a line of fault which runs approximately from north-east. to 
south-west, and has an upthrow on the south-east side of 
between 70 and 80 feet. The effect of this fault is to bring up 
the Chalk-with-flints, which on the northern side of the bay sinks 
to the level of the scar, but on the southern side beyond the fault 
occupies nearly the whole of the cliff. Mr. Lamplugh managed 
to measure the beds in the eastern part of this cliff, and the 


284 THE CRETACEOUS ROCKS OF BRITAIN. 


following is condensed from the particulars given by him; the 
section in descending order is:— 


Ft. in. 

First flints, a band of grey and yellowish nodules [in 
ascending order these are the highest or last flints] - O 2 
Hard flaggy chalk - - - - - - + = 8 0 
Band of soft marl - 2 - ef 0 4 
Hard flaggy chalk with a layer of marly chalk at base - 3 6 

Compact flaggy and rather lumpy chalk with two layers 
of ramose and palmate flints - = + - 19 8 


Line of occasional flints of larger size. 
Compact flaggy chalk with flints both scattered and in 


layers - - - - 14 0 
Compact bedded chalk with a band of grey flints in the 
middle - - 5 = 2 = + = JL 0 
Line of scattered flints and flint in joints 
Bedded chalk with many layers of thin palmate flints - 13 0 
Compact chalk, to base of cliff - - - - 6 0 
75 8 


Zone of Marsupites. 


Under this head we shall include the greater part of what has 
usually been called in Yorkshire “the Upper Chalk without 
flints.’ From the account published by Mr. Lamplugh, and 
from further information furnished by Mr. J. W. Stather, of Hull, 
it appears that this flintless chalk is capable of being divided into 
two parts or zones; the lower part may be termed the zone 
of Marsupites, from the abundance of that fossil in its upper 
portion ; the upper part is characterised by Cardiaster ananchytis 
and some other fossils, while Actinocamaz granulatus occurs in 
both parts. 

Such a division was suggested, in 1876, by Professor Barrois, 
who referred to Schliiter’s sub-division of the Act. quadratus chalk 
of the Munster district into two parts — namely, a lower zone 
of Inoceramus lingua and Scaphites binodosus ; an upper 
zone of Becksia Soekelandi (a sponge)—and Professor Barrois 
then remarked that “these sub-divisions are quite recognisable 
in Yorkshire; the zone of Becksia Soekelandi is specially 
characterised by the abundance of sponges, and it is a fact that 
the beds of Danes Dyke, which are so rich in Sponges, also occur 
in the upper part of this zone of Marsupites, near Bridlington.” * 

In Yorkshire, however, neither Inoceramus lingua nor Scaphites 
binodosus are restricted to the lower zone, the Scaphite, ‘indeed, 
having only yet been found in some quarries near Bridlington, 
which must be in the higher zone. The lower part is, therefore, 
more satisfactorily defined by the upper limit of the range of 
Marsupites. Remains of this Crinoid occur chiefly in certain 
beds near Danes Dyke, which have a thickness of 53 feet, and 
some have been found lower down, giving a thickness of more 


*Recherches sur le Terr. Crét. Supérieur, p. 199. 
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than 120 feet for this subzone; none have yet been obtained 
from the lower 273 feet of this flintless chalk, some or 
all of which must represent the subzone of Uintucrinus. 
Actinocamaz granulatus and Inoceramus lingua range down to 
the very lowest beds, and it will be convenient for the present 
to class all this lower portion in the zone of Marsupites, which 
thus, according to Mr. Lamplugh’s measurements, has a thick- 
ness of 402 feet. 

In the extreme south-eastern part of Yorkshire the chalk of 
the Marsupites zone is either absent or concealed by the glacial 
deposits, but it comes in a little to the south of Beverley, and is 
exposed in three large quarries at that place. For the following 
information about these I am indebted to Mr. J. W. Stather. The 
largest is that of the Victoria Whiting Works, which is about 
100 feet deep; east of this is the Queensgate pit which is nearly 
as deep, and the third (Davis’ pit) is about 60 feet. The whcle 
of the chalk exposed is flintless, and a boring now being made 
(1899) at the Beverley Waterworks (close to the Victoria pit) 
reached the first flints at 176 feet from the surfaee. Plates of 
Marsupites are common in a band near the top, Actinocamaz 
granulatus is common throughout, as is Echinocorys scutatus. 
Cidaris sceptrifera, and a few other fossils have been obtained. 

The following particulars respecting the chalk exposed in Davis’s 
pit are quoted from the “Transactions of the Hull Geological 
Society for 1895-6,” but Mr. Stather having sent me the 
Belemnites for examination, I am able to state that they are all 


referable to Actinocamaz granulatus :— Ft 
Chalk rubble - = 


. tn 


- : - 10tol1l5 O 
Solid chalk with Marsupites.and Rhynchonella - - 5 O 
Soft chalk - - ~ oe i 1 3 
Very hard chalk used for road metal - = = 8 9 
Thin layer containing many Act. granulatus- - - O 6 
Compact chalk - - os - - 2 © 12 6 
Thin earthy band 
Hard chalk with Rhynchonella - - - 6 0 
Chalk with Echinocorys scutatus and Act. granulatus - 7 O 
About 56 0 


From Beverley the flintless chalk runs northward by Kilnwick 
and Bainton, and its boundary has been mapped by the Geological 
Survey round a synclinal, which runs out eastward toward 
Huggate (see Fig. 66), curving back by Tibthorpe and Kirkburn. 
West of Driffield it comes in again by Garton and Wetwang, 
and spreads northward over a large area, as well as eastward to 
Bempton, Flamborough, and Bridlington. 

Mr. Mortimer* mentions a quarry a quarter of a mile north 
of Wold Newton, which exposes over 40 feet of flintless chalk, 
and Mr. Stather informs me that he has obtained plates of 
Marsupites from a small quarry near Bartingdale Farm, 3 miles 


* Proc. Geol. Assoc., Vol. v. p. 351 (1878). 
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south of Hunmanby and from one a little east of Flamborough 
Railway Station. 


Coming now to the coast section, we find the junction of the 
zone of M. coranguinum with that of Marsupites exposed in 
Selwick’s Bay, on the north side of Flamborough Head. The 
fault in this bay has already been mentioned, and it was probably 
on the west side of the bay that Professor Barrois took the section 
given in his “Recherches” (p. 197). Of this the following is 
a translation :— 


Feet. 
White chalk without flints - - - = - - - 33 
Thin layer full of fragments of Inocerami- - - - -~ 
Chalk without flints, in beds of from 4 to 15 inches thick with 
irregular, yellowish, indurated surfaces - = 16 
Chalk with seams of grey marl and two layers of grey flints, 
one thinand tabular - - - - . - - - 4g 
65 


Plate III (Vol. II), shows the basal part of the zone of Marsupites 
as exhibited in the cliffs on the northern side of Selwick’s Bay at 
a pomt known as Kindle Sear. Like Plate ITit is borrowed from 
Mr. Lamplugh’s paper on the White Chalk of Yorkshire. 


The junction can be seen again at High Stacks, the most eastern 
promontory of the headland where according to Mr. Lamplugh, 
a little over 100 feet of the Chalk without flints come in between 
High Stacks and South Sea Landing. The distance is about 
two miles, but the coastline hereruns nearly at right angles to 
the dip. The chalk is of uniform character, being hard and 
flaggy, with many thin seams of marl, and from this part of the 
coast-section Mr. J. W. Stather has obtained numerous small 
fossils, including Infulaster rostratus, Cidaris (spines), Parasmilia, 
etc. One of the most productive bands occupies the base of the 
cliff from East Nook to Cattlemere Scar, a distance of about a 
mile and a half.* 


Professor Barrois also collected from the same line of cliff and 
obtained fourteen species, the most notable being Belemmnites 
Merceyi (=granulatus), Inoceramus lingua, Terebratula sexradiata, 
Marsupites ornatus, Offaster corculum (=pillula), and Parasmilia 
monilis, He remarks on the absence (or great rarity) of 
Micrasters, and observes that Schliiter has called attention to their 
absence in the zone of Act. quadratus in some parts of Germany. 

Between South Sea Landing and Danes Dyke is a distance of 
about a mile, but as the dip becomes rather more pronounced 
and its direction is south-west, higher and higher beds are brought 
in, and Mr. Lamplugh measured a thickness of 214 feet between 
these two spots. Most of the beds which he enumerates are de- 


* Lamplugh, Notes on the White Chalk of Yorkshire, Proc. Yorksh. 
Geol. and Pol. Soe., Vol. xiii. p. 84 (1895). . 
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scribed as flaggy chalk with occasional thin seams of marl, but 
here and there he mentions the occurrence of more massive 
compact bands from 1} to over 2 feet thick. Fossils are not abun- 
dant in this series of beds, but Mr. Lamplugh obtained Act. 
granulatus and some Echinoderms from the upper part, and 
Professor Barrois found Actinocamasz verus, Ostrea vesicularis, and 
Bourgueticrinus ellipticus. 

Mr. Lamplugh allows 30 feet for the valley interval where the 
chalk is not actually seen at Danes Dyke, and above this he 
found a thickness of 53 feet, in which plates of Marsupites 
occur. From his description most of this consists of ‘soft white 
chalk which weathers into thin platy or flaggy pieces, but there 
are occasionally thicker beds of firmer chalk, and occasional seams 
of marl. Marsupiies are most abundant in the upper 26 feet of 
this chalk. Professor Barrois obtained fourteen species of fossils 
from this band, including Inoceramus lingua, Cyphosoma 
K6nigi, three species of Cidaris, Marsupites testudinarius, and 
Caryophyllia cylindracea. 


Zone of Actinocamax quadratus. 


Assuming that the highest bed in which Mr. Lamplugh found 
remains of Marsupites is the top of that zone, then the over- 
lying beds which come in near the headland west of Danes Dyke 
must represent the lower part of the zone of Act. quadratus as 
developed in the South of England. It is true that Act. quad- 
ratus has not yet been found in Yorkshire, all the Belemnites 
found by Mr. Lamplugh and Mr. Stather being referable to Act. 
granulatus, but the typical Act. quadratus is a rarer fossil in 
England. 

These upper beds of the coast section are characterised by the 
abundance of Sponges, and by the occurrence of Cardiaster 
ananchytis, but Offaster pillula seems to be rare, so that the 
fauna differs in some respects from that of the beds which are 
presumably their equivalents in the southern counties. 

From Mr. Lamplugh’s account we learn that the beds which 
contain Marsupites are succeeded by chalk which differs little 
in lithological aspect, consisting of alternating beds of flaggy and 
compact chalk with occasional seams of marl. It is in this 
portion of the section that the Calcispongia are so abundant, their 
occurrence constituting one of the most striking peculiarities 
in the paleontology of the Yorkshire Chalk. Many genera are 
present, including Phymatella, Bolospongia, and Stichophyma, and 
in higher beds Verruculina, Seliscothon, and Scytalia. Actino- 
camaz granulatus is not rare. Mr. Stather has found Cardiaster 
ananchytis, and Infulaster, and Prof. Barrois records Offaster 
pulula. These beds have a thickness of about 120 feet. 

The very highest beds under Sewerby Park consist of chalk 
which weathers into thin flaggy pieces, about 35 feet being 
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exposed. Mr, Stather reports that Cardiaster ananchytis is not 
uncommon. Ventriculites cribrosus and other sponges also occur. 

The exposures on White Hill north-west of Bridlington, and 
on Bessingby Hill to the south-west must be in higher beds than 
any seen along the coast, and for these Mr. Lamplugh allows an 
additional thickness of 100 feet. 

A sharp-keeled Ammonite, obtained by Mr. Stather from the 
Maraypites zone at Beverley, was sent to Mr. G. C. Crick, of the 
British Museum, who states that it comes nearest to Am. pseudo- 
gardent of Schltiter. Two Scaphites, obtained by Mr. Stather 
at White Hill, were recognised as probably Sc. binodosus by Mr. 
E. T. Newton. 


Fossits oF THE Upper CHALK oF YORKSHIRE. 


The following list of fossils has been compiled from several 
sources ; the authorities for the occurrence of the species are 
indicated by letters, and are as follows :— 

B.—Species recorded by Professor Barrois in his “ Recherches 
sur le Terrain Crétacé de l’Angleterre et de l’Irlande ” (1876). 

H.—Species described by Dr. Hinde in his Catalogue of the 
Fossil Sponges in the British Museum. 

L.—Fossils in the collection of Mr. G. W. Lamplugh, identified 
at Jermyn. Street. 

M.—Fossils in the collection of Mr. Mortimer, of Driffield, re- 
corded by Mr. J. F. Blake in Proc. Geol. Assoc., Vol. v. p. 232 
et seg. (1878). 

S.—Fossils collected by the Geological Survey, including those 
obtained by Mr. W. Hill in 1899. 

St.—Fossils obtained by Mr. J. W. Stather, of Hull. 


Zone of Micraster | Marsupite | Quadratus 
H. planus. Zones. Zone. Zone. 


| 
col 
| 


Pisces. 
Scapanorhynchus raphiodon, Ag. - — 
Cephalopoda. . , 
Ammonites [Desmoc.] pseudo-gardeni? Se’ lit. - 
, sp - le - : ee 
Hamites sp. - : - = 
Scaphites binodosus? Roemer - = 
91 inflatus ? oo ® ae Ps 
Actinocamax granulatus, Blainv. 
53 verus, Miller —- 2 
Nautilus ef. darupensis Schlitt. - = = 
Gasteropoda. 
Pleurotomaria perspectiva, Mant. 2 = 


Lamellibranchiata. 
Avicula tenuicosta, Roemer 
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* Found at White Hill, near Bridlington. 
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Zone of Micrasler | Marsupites | Quadratus 
HL, planus. Zoues. Zone. Zone. 


Brachiopoda. 
Crania egnabergensis, Retz. — 
Kingena lima, Defr. - : 
Rhynchonella Cuvieri, @'Orb. B 
limbata, Schloth. = 
3 plicatilis, Sow. - Ss 
Terebratula carnea, Sow. - : - - 
sexradiata, Desi. (~Kingena) _ 

a semiglobosa, Sov. - - 
Terebratulina striata, Wahi. B 


Annelida. 
Serpula granulata, Sow. - 6 can 


Echinodermata. 
Bourgueticrinus ellipticus, Miller - 
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»  sceptrifera, Mant. - - 
»  subvesiculosa, d’Orb. - 
Cyphosoma Keenigi, Mant. 2 
s radiatum, Sovig. - 
Echinocorys scutatus, Leske 
Holaster planus, Mant. - 
Infulaster excentricus, Forbes - 

i rostratus, Morbes — - : 
Marsupites testudinarius, Schioth. - 
Micraster coranguinum, Leske - - a 
cortestudinarium ? Gold/. 3 
Leskei, Desm. (=breviporus) - 
y preecursor, Rowe 
Offaster pillula, Lam. - e 
Pentagonaster (ossicles) 
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Actinozoa. 
Caryophyllia cylindracea, Reuss 2 
Parasmilia centralis, Mant. - 5 
monilis, H. & H. 
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Spongida. 
Bolospongia constricta, Hinde - 
aa globata, Hinde - 

Camerospongia capitata, 7. Smith 
Coeloptychium agaricoides, Gold/. 
Isoraphinia texta, Roemer - 
Jereica clava, Dee - : 
Manon marginatum, Phil. 
Pachinion scriptum ? Hinde - 
Pachastrella convoluta, Hinde - 
Phymatella reticulata, Hinde 
Porosphera globularis, Phi. 
PA pileolus, Lam. F 
Seytalia fastigiata, Lee - Z 
radiciformis, Phil. 5 

» _ terebrata, Phil. - ‘s 
Scyphia pedunculata, Roemer - 5 
Seliscothon explanatum, Roemer 

sed planum, Phil. 

Stichophyma tumidum, Hinde - 
Tethyopsis cretaceus, Hinde 
Turonia variabilis, Mich. 
Verruculina astrea, Hinde 
niliaris, Reuss 
papillata, Hinde = 
plicata, Hinde - - 
pustulosa, Hinde - Z 
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CHAPTER XXI. 
THE UPPER CHALK IN FRANCE. 


To give an account of the Upper Chalk of the Paris basin as a 
whole would of course be a great undertaking, and would oceupy 
too much space; but in this chapter we propose to give brief 
accounts of the succession of beds to be found in the north-eastern 
and in the north-western parts of the Paris basin, in order to show 
that this succession is substantially the same as that which has 
been described in England. 

Just as in 1876 Professor Barrois described the English Chalk 
from a French point of view, so now it will be interesting to regard 
from an English point of view those parts of the formation in 
France which correspond to our Upper Chalk. We shall thus see 
that whatever classification may ultimately be adopted it will be 
equally applicable to the North of France and to the South of 
England. 


1. THe NortuH-rast oF FRANCE. 


Pas de Calais and Nord.—-There is no cliff-section in the Pas 
de Calais comparable with that of the Kentish coast. The zone 
of Holaster planus comes into the top of the cliff at Cap Blanc Nez 
(see Vol. II Fig. 85), but the cliff ends at Sangatte, and the shore 
to the east of Calais is low and bordered by sand dunes. 

According to Dr. Barrois,* hard rough chalk belonging to the 
zone of Micraster cortestudimariwm is seen in the down above 
Blanc Nez cliff and at Setques, where it is quarried as a building 
stone. Still higher above Blanc Nez the zone of M. coranguinum 
comes in, and is also exposed in old pits north of Peuplingue, with 
the usual fossils, and is traceable southward into the Department 
du Nord. 

Still higher beds are found to the west of St. Omer, and are 
referred by Professor Barrois to the zone of Marsupites, although 
no plates of that fossil have yet been found in them. He describes 
the chalk ofthis horizon as pure, soft, and white, with very few 
flints, and as containing among others the following fossils :— 


Actinocamax verus. Cidaris clavigera. 

Lima Hoperi. ”» sceptrifera. 
Pecten nitidus. Echinoconus conicus. 
Bourgueticrinus ellipticus. Micraster coranguinum. 


The chalk of the department of the Nord has been well described 


* Proc. Geol. Assoc.. Vol. vi. p. 30 (1879). 
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by M. Gosselet,* and more recently by L. Cayeux.t In the 
district. of Cambresis the former divided this part of the 
formation into three bands :— 

3. White chalk with”conchoidal fracture. 

2. Glauconitic chalk. 

1. Chalk with horn-like flints (craie 4 cornus). 

The “craie & cornus” is a soft white chalk containing many 
flints of irregular elongate shapes, lying both in layers and scattered 
through the mass. The principal fossils are Ostrea sulcata 
(semiplana), O. hippopodium, Scaphites Gewnitet, Holaster planus, 
and Micraster breviporus ( ==Lesket). “ This chalk has a thickness of | 
from 20 to 25 metres (65 to 80 feet) in the cantons of Quesnoy and 
Solesmes. . . . Near Valenciennes it has a thickness of 15 
metres (49 feet), but only 8 or 9 metres at Wiers and Condé. In 
Flanders it crops out near Cysoing and Bouvines, but its ‘thick- 
ness is not more than 1 metre (3 feet 3 inches).} 

The glauconitic chalk which overlies the “ craie 4 cornus ” in the 
Cambresis is a greyish chalk with glauconite grains and much 
phosphate of lime, either disseminated through it in small grains 
or occurring as nodules. At Avesnes les Aubert this bed has a 
thickness of six metres (20 feet), but it appears to thin out toward 
the north. M. Gosselet records the occurrence of Micraster brevi- 
porus and M. cortestudinariwm, the latter ranging up into the 
overlying compact white chalk, the greater part of which 
probably belongs to the same zone. 

Near Lille these beds are greatly reduced in thickness, and form 
part of a group which seems to have been formed in shallower water. 
Professor Barrois gives the following section at Annappes :— 


Feet. 
White chalk of Lezennes, etc. - about 26 
Glauconitic chalk with Mf. cortestudinarium in two beds 
B |. each 54 feet thick - - - il 
“Tun,” a bed of yellow phosphatic fuaiuiea - - Q 
Grey marls - - 64 
A | White “tun,” a bea of whitish odiaten - - - 9 
Marl with elongate flints - 14 


Diéves with Terebratulina gracilis. 

The beds in the bracket A were regarded by Professor Barrois as 
the equivalent of his M. breviporus zone, which is nearly the 
equivalent of our zone of Holaster planus, and those in the bracket 
B as that belonging to the M. cortestudinarwwm zone. The white 
tun is not phosphatic, and he regarded it as equivalent to our 
Chalk Rock. The nodules of the upper ¢un contain 15 per cent. of 
phosphoric acid, and they are large, waterworn, and covered with 
Oysters, Spondyli and Serpule. 


* Descrip. géologique du Cambrésis, Mem. Soc. d’emulation de Cambrai, 
1865, and Esquisse géol. du nord de la France, p. 141, 18. 

+ Craie grise du Nord dela France. Ann. Soc. Géol. Nord. xvii. p. 105. 

t Barrois, Terr. Cret. des Ardennes. Ann. Soc. Géol. Nord, T. v. p. 431. 
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The white chalk which is exposed near Lille and Lezennes has been 
described by Gosselet, Cheillouneix, Ortlieb, Barrois, and others. 
It was by them referred to the zone of M. cortestudinariwm, but 
doubts were expressed by Professor Barrois in 1874, and in 1875* 
M. de Mercey wrote that the presence of Inoceramus Mantelli, 
Inoc. tnwolutus, and Belemmites subventricosus suggested its 
being referable to the zone of M. coranguinum. This view was 
adopted by Professor Barrois in 1878, though he maintained 
that both M. corangwinum and M. cortestudinariwm occur in 
these beds. 

Still more recently (1889) M. de Grossouvre has correlated this 
chalk of Lezennes with the lower part of the chalk of Villedieu, 
in Touraine,t and refers both of them.to the higher part of the 
zone of M. cortestudinariwm. He states that two characteristic 
species of Ammonites occur at both localities. One of these is 
Am. tricarinatus, d’Orb, and the other is a new species, which he 
has since described as Am. [Peroniceras] Moureti. 


The chalk of Lezennes is described as soft, white, and homo- 
geneous, with many black flints. Fossils are fairly common, 
including the teeth of many species of fish, and the following 
invertebrates :— 


Ammonites peramplus. Pecten cretosus. 
3 Moureti. | Lima Hoperi. 
an tricarinatus, Epiaster gibbus. 
Actinocamax westphalicus. Echinoconus conicus. 
Inoceramus digitatus. Micraster cortestudinarium 
involutus. Echinocorys gibbus. 


” 


Mantelli (? = latus) 


” 


Aisne, Marne, and Ardennes.—Throughout the eastern part of 
the Paris basin a band of chalk has been recognised by Professor 
Barrois and others under the name of the “craie 4 Micraster 
breviporus,’ and Barrois has found that it is everywhere 
divisible into two zones. é 

Of these two zones he says the lower (zone of Holaster planus 
maintains the same character throughout the whole region, but 
the upper (zone of Epiaster brevis) presents three distinct facies, 
which he describes under the names of the chalk of Rethel, the 
chalk of Chaumont Porcien, and the chalk of Vervins. 

The zone of Holaster planus is everywhere a narrow band of 
hard and often nodular chalk, only a few feet in thickness, and 
recognised by Professor Barrois as the counterpart of what we 
know in England as the “ Chalk Rock.” ; 

The upper division is from 100 to 130 feet thick, and its three 
facies are as follows :— 


* Ann. Soe. Géol. Nord, T. ii., p. 120 (1875). 
+ Ann. Soc. Géol. Nord, T. v. p. 468. 
t Bull. Soc. Géol. de France, Ser. 3, T. xvii. p. 521. 
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1. The chalk of Vervins and Guise is described as soft, friable, 
greyish-white in colour, containing some disseminated silica and 
some fine argillaceous matter, and enclosing flints which are always 
black inside, with a white coating, and are very variable in shape, 
round, elongate, branched, or tuberculous, with a rough, irregular 
surface ; they occur both scattered and in layers, and are of all 
sizes, from that of a small marble to large masses like our 
“ Paramoudras.” Fossils are abundant in this chalk, which is 
about 100 feet thick, and it has yielded many of the same species 
of Cephalopoda as those which occur in the German and English 
zone of Heteroceras reussianum. The following isa list of these :— 


Nautilus subleevigatus. Baculites bohemicus. 
a3 Reussi. Scaphites Geinitzi. 
Ammonites Neptuni. i auritus. 
Pe peramplus. Heteroceras reussianum 
<3 ef. goupilianus, 


2. The chalk of Chaumont-Porcien, further south, consists of 
greyish and whitish marls, some of which are argillaceous and 
sandy, containing flints of a bluish-grey colour, which adhere to 
the surrounding chalk like cherts. Fossils are not numerous, 
but include Holaster planus, Micraster breviporus (=Lesket), and 
allied species, Terebratula habernica, and some common bivalves, 
but the only Cephalopod recorded is Scaphites Geéwniizi. 

3. The chalk of Rethel, in the country of the Rethelois and 
Champagne, is a mass of homogeneous white chalk, without flints 
and with few. fossils, recalling in its general aspect the chalk of 
our English zone of Terebratulina rather than that which 
usually overlies the Chalk Rock. It has a thickness of about 
40 metres (130 feet). 

Prof. Barrois thought than in these departments of Aisne, 
Ardennes, and Marne there was no chalk which could be referred 
to the zone of Micraster cortestudinarium, but it has since been 
shown that his zone of Hpiaster brevis corresponds to that of 
M. cortestudinarium, and this is directly succeeded by chalk 
which has the character and fauna of the M. coranguinum zone. 

In the Ardennes the zone of M. coranguinum consists of soft 
white chalk without flints, but in the Aisne it passes into a 
hard white or yellow chalk containing siliceous nodules and 

intercalated beds of crystalline dolomitic sand. 

Marsupites have not yet been found in these departments, though 
Prof. Barrois thinks the zone is represented in his “ assise a 
Mvcraster coranguinum.” Plates of Marsupites have, moreover, 
been found at Sens in the Yonne and at Beauvais in the Oise ; 
and M. de Grossouvre informs me that they are associated with 
Actinocamac verus, Act. granulatus and Act. Grossowvrei (which 
has a very shallow alveolus, and is a variety of Act. Toucast). 
Thus there is no doubt that the zone exists, though in some 
places its thickness may be very small. 
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The zone of Actinocamaz quadratus was recognised by Hébert 
in 1863 at Epernay, Reims, Laon, and La Fere, and has since been 
traced by M. Peron, M. de Mercey, and others round the southern, 
eastern, and northern sides of the Tertiary basin of Paris, but has 
not yet been recognised to the eastward. As in England, it is 
characterised by Actinocamasz quadratus and Offaster pillula, 
together with Muicraster glyphus, Scaphites constrietus, and 
Hamites carolinus. 

In Picardy a band of phosphatic chalk, similar to that of Taplow, 
occurs over a considerable area at the base of the zone of Actino- 
cama quadratus. It has been worked at Beauval, near Doullens, 
and near Hallencourt (Somme), as well as at Hardivilliers (Oise), 
and other places. The Doullens locality has been described by 
M. Lasne,* who gives the following succession :— 


Feet, 
4. Soft white chalk with fints. 


3. Grey chalk with a nodular bed of rich phosphate at the 
base, Act. guadratus and Act. verus 20 to 80 

. Soft white chalk without flints 

. Chalk with many layers of flints, hard and nodular in the 
lower part - -" about 60 


- bo 


The lower beds (with flints) are regarded as belonging to the 
zone of |. cortestudinartum, so that No. 2 occupies the place 
of the M. coranguinum zone, and there would seem to have been 
contemporaneous current erosion, by which some thickness of 
chalk was carried away before the formation of No. 3. 

M. de Grossouvre informs me that there has undoubtedly been 
such erosion, for the surface of the white chalk (No. 2) is 
hardened and perforated and covered with Ostrea semiplana. 
He has also pomted out that at Hardivilliers and other places 
three distinct horizons can be distinguished in the grey 
phosphatic chalk, as below in descending order :— 

Chalk with Act. guadratus and Bel. mucronata. 
Act. quadratus and Offaster pillula. 
» Act. verus and Act. Grossouvrer only. 
and he regards the lowest of these as the equivalent of the zone 
of Marsupites.+ 

M. Lasne describes the grey chalk of Doullens as consisting of a 
white chalky paste, crowded with minute grains of brown phos- 
phate of lime, all of which are derived from small organisms. A 
sample of the rock was also examined by Mr. Strahan,} who 
writes :— “ The grains are, on the whole, larger and darker than 
those in the Taplow chalk, but they consist of foraminifera, 
prisms of Inoceramus-shell, bone fragments and oval pellets, and 
in all essential points the two deposits are identical. After 


” ” 


* Bull. Soc. Géol. France, Ser. 3, ‘T. xviii. p. 441 (1890). 
+ See Bull. Soc. Géol. Fr. Ser, 3. t. xxii. p. 57, and t. xxvii. p. 182. 
t Quart. Journ. Géol. Soc., Vol. xvii. p. 362 (1891). 
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treatment with acetic acid, this chalk furnishes remarkably 
beautiful specimens of phosphatised organisms.” 


The zone ot Belemnitella mucronata (or the chalk of Meudon, 
near Paris) does not occur continuously all round the border of 
the Tertiary area, but is recognisable along the valley of the Seine 
from Montereau to Villenauxe, and thence northward by Sezannes 
to Epernay. : 

It is perhaps in the department of the Yonne that the Upper 
Chalk of the Posie Basin is most fully developed, and it has been 
studied by M.M. Lambert and Peron.* Lambert divides the 
Senonian into an upper and lower stage, each comprising two 
substages and divisible into several zones which he indicates by 
letters instead of by special fossils. His scheme (including 
the Turonian) is as follows: — 


Etages. _ Asszses. Zones. Metres. 
Senonien es Belemmitella mucronata P. and O. 30 
supérieur \a Actinocamax quadratus _N. and M. 70 
Senonien ,& Micraster coranguinum L.KJ.I. 70 
inférieur (a rile ra Sic Eitan 80 

. a Micraster breviporus .D.C. 70 
Turonien { a Inoceramus labiatus BA 60 


The equivalent of our zone of Holuster planus is his zone E, 
which is 10 metres (33 feet) thick and yields Scaphites Geinitzi, 
Holaster planus and Mier. breviporus (= Lesket). The Micraster 
identified as decipiens (Bayle) is stated by M. Lambert to be the 
form generally known in England and France as cortestudi- 
nariwm, but he regards it as distinct from that species which in his 
opinion has not yet been found out ofGermany. Zone L. contains 
Marsupites and zone P. terminates in a hard limestone. It will 
be seen that the beds which correspond to our Upper Chalk have 
here a thickness of 260 metres (or 852 feet): borings near Paris 
seem to indicate a thickness of about 300 metres (or 980 feet), 


2. Tae Norra-Wrst oF FRANCE. 


In dealing with this region it will be convenient to describe 
the beds which form the zones of Holaster planus and Micraster 
cortestudinarvum in the first place, and then to give a brief account 
of those which represent the higher part of our Upper Chalk. 

A. The Lower Zones.—These zones in their normal aspect are 
well exposed in the cliffs of the coast north-east of Fécamp, and 
have been described by Hébert.t Above the chalk with Inocera- 
mus labiatus (which includes the zoneof Terebrutulina) comes chalk 


* Lambert : Notice strat. sur étage Senonien des env. de Sens (1878) ; et 
Note sur la craie du a de l’Yonne, Bull. Soc. Géol. Fr. 8. 3. t. vii. p. 202. 
(1879). Peron: Terr. de craie dansle §.E. du bassin anglo-parisien, Bull 
Soe. sc. hist. et nat. de l’Yonne (1887). 

+ Bull. Soc. Géol. de France, Ser. 3, T. iii. p. 520 (1875). 
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containing Cephalopods and Holaster planus ; this has a thickness 
of 6 to 8 metres (20 to 25 feet). This is succeeded by the chalk 
with Micraster cortestudinarvwum, which forms the top of the cliff, 
but as the beds dip to the north-east they can be studied in detail 
and their thickness measured between Senneville and the Petites 
Dalles. This thickness is found to be 56 metres (=180 feet). 
He says that the upper limit of this chalk ag seen at Veulette is an 
indurated surface perforated with tubules, and that this surface 
is cut obliquely across several of the beds of the M. cortestudi- 
narvum zone, so that the overlying chalk with zoned flints is 
actually unconformable te the beds below. 


Hébert,was also of opinion that the M. cortestudinarium chalk 
becomes rapidly thinner to the west of Fécamp, being only 15 
metres (49 feet) at Yport, and only 4 metres (13 feet) at Etretat ; 
but, as he elsewhere* states, that its thickness at St. Jouin, still 
further west, is 25 metres, there would seem to be some confusion 
between its real thickness at the intermediate places and the 
thickness of it which is actually seen above the beach. So far as 
T can ascertain, no one has yet re-examined the zonal divisions 
in this fine cliff section. Hébert mentions at Etretat a yellow 
sandy chalk passing into a sandstone (grés), and containing 
M. cortestudinarvwm in abundance. Mons. Lennier describes 
the lower beds exposed at Cap Antifer as “ hard siliceous compact 
white chalk, with rolled green and yellow nodules and irregular 
veins of grey chalk.” Evidently these resemble our Chalk Rock. 


In the valley of the Seine near Rouen, and again at Villéquier, 
the zone of Holaster planus has quite the aspect of our Chalk Rock. 
The following is a description of the section exposed in a quarr 
near the top of St. Catherine’s Hill at Rouen,t the measurements 
given in metres being translated into feet :— 


Ft. in. 
White chalk with a thin continuous seam of flint at base 20 0 
Soft shaly white chalk ; - ; 4 0 
Very hard nodular limestone with many fossils, Am. 
 prosperianus, Nautilus suble-vigatus, Micraster brevi- - 
“norus, Rhynchonella plicatilis 0 10 
Chalk with loose nodules of hard chalk, and some black ¢ 
flints of elongate shape; Micraster breviporus 6 6 
Beds of compact chalk with three layers of hard nodules, 
and two layers of flints; Holaster planus and Micr. 
breviporus : 13 8 
Hard white nodular chalk, in two beds 7 6 
Thin layer of marly chalk : oO 1} 
Compact white chalk with scattered flints. 
Over 50 O 


* Bull. Soc. Geol. Norm., Vol. vi. p. 415. 
+ Bull. Soc. Géol. Norm., vol. vi., p. 387. 
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At Villéquier there were formerly large quarries, described by 
M. Lennier, from whose account the following is abridged :— 


Feet. 

Soft white chalk with layers of small cavernous flints. 
Firm white chalk with larger flints(Bryozoa) 30 
Soft white chalk with many layers of small solid tints 

having long projections (cornus) . 26 
Alternations of hard (bancs jaunes) and soft chalk 42, 
Soft chalk with solid flints and some continuous 

seams (bizets), and a hard yellowish layer in the 

lower part - - 33 
Continuous seam of flint. ; 
Alternations of soft white chalk and hard yellowish 


gritty chalk eo .- 18 
Chalk with yellow and green nodules (? top of Chalk 
Rock) -  - - 4 
About 150 


Comparing this with the sections at Rouen and Fécamp, it 
would seem that the beds in the bracket B are referable to the 
zone of M. cortestudinariwm, and have a thickness of about 130 
feet, while the beds below may be referred to the zone of Holaster 
planus, the base of which was not exposed. 

There seems to be little information about the country to the 
south of Villéquier and the south-west of Rouen, and when this 
part of the Chalk comes to the surface again in the valley of the 
Loire it presents a very different aspect. The Turonian succession 
of this district has been described in Volume II. of this memoir, 
and, according to M. de Grossouvre, the equivalent of the zone 
of Holaster planus and M. breviporus is a yellowish sandy and 
micaceous chalk, with afauna of Bryozoa, Sponges, Echinoderms, 
and Oysters. Above this near Villedieu are hard white crystalline 
limestones, which are quarried at Ribochére to a depth of 4 metres 
(13 feet); these contain Ammonites Noueli, Scaphites Geinitzr, 
Inoceramus Lamarck, Acteonella crassa, and many other fossils, 
and are considered by M. de Grossouvre to represent the 
northern zone of Micraster cortestudinarium.* 

B. The Higher Zones.—So far as we can ascertain, no more 
recent description of the cliff sections of Normandy exists than 
that of Hébert, published in 1875. No later paper is referred to 
by M. de Lapparent in the last edition of his Traité de Géologie 
(1900), and though Hébert did excellent pioneer work in zonal 
sub-division, a revision of the succession is much required. In 
the absence of this we can only refer to Hebert’s account.} 

Hébert divides the zone of M. corangwinwm as seen in these 
cliffs into two parts or “ assises””’: (1) Craie & silex zonés (chalk 


* Op, cit., p. 507 and Table on p. 522. 
+ Bull. Soc. Geol. de France, Ser. 3, T. iii, p. 512. 
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with banded flints), and (2) craie & silex noirs caries (chalk with 
cavernous black flints). The following notes are quoted from 
his account :— From Etretat. to Fécamp the craie & silex zonés 
1s nearly horizontal, and forms nearly the whole of the cliff from 
Yport to Fécamp; it contains Cidaris perornata and Bryozoa 
in abundance, but Micraster coranguinwm is rare. The steps of 
Benouville afford an excellent section of this chalk, the thick- 
ness there seen being about 65 metres (213 feet), but the full 
amount may be 70 or 75 metres. 

At Fécamp there is a powerful fault with a throw estimated 
by Hébert at 100 metres (328 feet), which brings up the Ceno- 
manian, and carries the zone of M. corangwinum to the upper 
part of the cliff between that place and Senneville. 

The higher division of this chalk can be seen in the southern 
chit at Fécamp, but is not there accessible. It comes in again 
at Port Susette, near St. Valery, and forms the greater part of 
the cliff between there and Dieppe. He states that the junction 
of the chalk with banded flints and that of the chalk with cavernous 
flints is well seen east of St. Valery, and consists of a bed about 
2 metres thick, without flints, soft in the lower part, very hard at 
the top, and pitted with tubular perforations. Above this the 
beds dip to the east, and the following succession comes in :— 


: ' b Metres. 
I. Chalk with M. coranguinum and a layer of .broken 
Inocerami one metre above the base and a hard bed at 


at the top (xx) - - 20 
H. Chalk with regular layers of flints, and a hard bed at the 

top (zz) about 40 
G. Chalk with a hard bed at the top (ss)- — - 9 
F. Chalk with many continuous layers of flint 40 
i. Chalk with flints and many M. coranguinum - 28 
vo. Hard bed at top of chalk with banded flints - - - 2 


Twelve metres above the hard bed (xx) three nodular bands are 
seen, which half-way between Pourville and Dieppe are about 
30 or 32 metres above the beach. The cliff here is 91 metres 
high, so that above these bands there is nearly 60 metres of chalk 
which is not accessible. Fallen blocks, however, show that it 
consists of soft white chalk with small flints, and Hébert was 
unable to find any fossils in them ; he remarks that it may belong 
to the M.coranguinum chalk, or possibly to the Belemnitella chalk. 
When he wrote the zone of Marsupites had not been established, 
and it seems very probable that some of this chalk with small 
flints belongs to the zone of Marsupitvs or Margate chalk. 

If Hébert’s estimates of thickness are correct, and there ig no 
faulting, the total thickness of the chalk with cavernous flints 
will be 137 metres (450 feet), but he thinks there may be a fault 
with a throw of 80 metres at the Dun valley, and this would 
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reduce the thickness to 187 feet, which is much more likely, and 
the whole zone of M. coranguinum would then be about 400 feet 
thick. 

The chalk of the area to the south and south-west of Rouen has 
not yet been explored, but, as M de Lapparent remarks,* “ When 
we pass from Normandy toward the south-west we find a gradual 
change takes place in the composition of the ‘ Emscherien ’ (zones 
of Mier. cortestudinarium, M. coranguinum, and Marsupites), 
of the same kind as that affecting the Turonian and Cenomanian 
stages. It is at Villedieu, in the Loir et Cher, that this change 
becomes obvious. At this place yellow limestones make their 
appearance, which were formerly regarded as an exceptional 
facies of the basal portion of the Senonian, but M. de Grossouvre 
has shown that the different zones of the stage are represented 
in the succession, although their thickness is much diminished.” 
This succession is as follows :-- 

Above the hard white limestone mentioned on p. 297 are 
marls often very glauconitic, and containing siliceous nodules; 
in these beds occur Ammonites Emscheris, Micraster turonensis, 
Rhynchonella vespertilio, Ostrea proboscidea, and O. plicifera, 
Bryozoa are also abundant. These beds are surmounted by a 
hard nodular sandy chalk, in which the commonest fossil is 
Spondylus truncatus, associated with 


Ammonites syrtalis. Vulsella turonensis. 
Nautilus Dekayi. Rhynchonella Eudesi. 
Baculites incurvatus Spheerulites Coquandi. 
Lima marticensis Salenia Bourgeoisi. 


The highest member of the succession near Villedieu consists 
of chalk, full of large brown flints or cherts, which do not 
detach themselves from the surrounding rock. The thickness of 
these beds is from 20 to 25 feet, but fossils are rare in them ; they 
have yielded Spondylus spvnosus and Micraster Brongniarts. 

A connecting link between the chalk of Villedieu and that of 
Normandy is found at Chartres, where remains of Marsupites 
have been found associated with Vulsella twronensis in a chalk 
which M. de Grossouvre has shown to be a prolongation of the 
zone of Am. syrtalis and Spondylus truncatus.t 

Since this chapter was written and printed, a detailed memoir 
has been published by the Administration of the “ Carte 
Géologique detaillée de la France,” written by M. de Grossouvre, 
and entitled “Recherches sur la craie supérieure” (1901). In 
this treatise the author argues that the method hitherto em- 
ployed in the zonal subdivision of the Chalk does not give 
satisfactory results. Owing partly to the varying facies of the 
deposits, and to the different vertical range which certain species 
have in different areas, he thinks that many mistakes have been 


* Traité de Géologie, Quatr. Ed. (1900), p. 1865.) 
+ La Craie de Chartres, Compte Rendu. Acad. Sci. Paris, 1892. 
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made, and that zones based on collective faunas or assemblages 
of various kinds of animals are difficult to correlate with one 
another. He is of opinion that a more restricted fauna must be 
taken as a basis of zonal classification, and he proposes a new set 
of zones founded entirely on the succession of bop alopod faunas, 
and like those established in the Jurassic System, they have 
different species of Ammonites as their indices. These zones he 
roups under substages, and the latter under the stages of 
‘Orbigny. His scheme for the subdivision of the Senonian 


and Turonian in the North of France is as follows :— 


ZONES. PARIS BASIN. TOURAINE. 
s | Pachydiscus neubergicus Chalk with Bel. mucronata 
ie of Meudon, Beauvais, 
ee Compiégne, Spernay and 
© | Hoplites Vari Monterean, 
a eee 
bal T 
3 Chalk with Act. guadratus 
a Mortoniceras of Reims and Michery 
aly delawarense Chalk with Ofaster cor- 
ore culum, 
e| |8 
= Chalk with Act. granulatus 
A Placenticeras para Signe des Com- Craie de Blois. 
aes 
§ | Placenticeras syrtale Chalk with Marsupites. “e with Spond. trun- 
2 catus, 
zj8 : : 
& | 3 | Mortoniceras texanum Chalk near Dieppe. Chalk with Rhyne. ves- 
& n pertilio, Merde 
2 g Mortoniceras Emscheris Chalk with Micraster | Beds with M. turonensis 
8/3 coranguinum. a1 d Ostrea proboscidea 
‘S | Barroisiceras Haberfellneri| Upper part of the chalk | Limestones of Villedieu 
é with Mier. decipiens. and Cangey. 
1S) 
g Acanth. Deyeriz Lower part of chalk with | Chalk with Ter. Bour- 
2 M. decipiens. yeoisi. ; 
a s | Acanth. ornatissimum Chalk with M, breviporus. | Tuffeau de Ponce. 
i] 
= = | Acauth. Bizeti Chalk with Ter. gracilis, | Tuffeau de Bourré. 
| a ae a 
2 5 .| Mammites nodosoides Chalk with Inoc. labiatus, |"Tuffeau de Saumur. 
25 nodular chalk of Blanc 
au Nez and Diéves of Ar- 
[a 


With reference to this new zonal arrangement, he has been good 
enough to favour me with some further information, and to 
explain that he does not intend his table of Ammonite zones to 
rake the place of the zonal classification which has been worked 
out in England and France, or of those established in other 
countries, and based on the prevalence of other kinds of fossils. 
To quote and translate his own words,—‘the classification 
established by the evolution of the Ammonite-faunas represents 
in my opinion the ideal theoretical classification, or standard for 
comparative purposes, to which all regional classifications should 
be referred for the purpose of correlating and synchronising the 
strata of different countries. . . . On the other hand, for the 

ractical purpose of establishing the stratigraphy of the 
Crotacsolli series of any given country, we shall be obliged to 
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found it upon the study of ‘the special fatima which the beds 
contain. Thus where Micrasters and Echinocorys are the pre- 
dominant fossils, we must base our zones on the succession of 
different species of these Echinoderms ; elsewhere the Hippwrites 
or other ells may furnish the requisite data. But when the 
various local or regional classifications have been thus established 
and we wish to compare them with one another, then they can 
be referred to the standard stratigraphical scale which I propose 
to establish by means of the succession of Ammonite-faunas.” 
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CHAPTER XXII. 


THE MICROSCOPIC STRUCTURE AND COMPONENTS 
OF UPPER CHALK. 


The base of the Upper Chalk is generally marked either by a 
bed or beds of hard yellowish semi-crystalline limestone with 
layers of green coated nodules, known as the Chalk Rock, or by 
chalk of irregular texture, hard crystalline lumps or nodules being 
enclosed in a softer mealy matrix and arranged in more or less 
defined layers. In Norfolk and north of the Wash these litho- 
logical characters are lost, and the lower beds of the Upper Chalk 
have little to distinguish them. 


In the southern and south-eastern counties layers of rough 
nodular chalk, and sometimes beds of compact yellowish lime- 
stone, occur in some localities as high as the summit of the zone 
ot Micraster cortestudinarwum, but in Bedfordshire, Hertford- 
shire, and to the east and north-east the chalk above the Chalk 
Rock is firm and white without nodules. Above this, though 
its texture in mass varies slightly in different zones and in different 
localities, there is little variation in the aspect of Chalk from al- 
the higher zones. In the southern and south-eastern counties 
it is a white, dull, earthy limestone; in Lincolnshire and Yorkshire 
the Upper Chalk is much harder than that of the south. 


Tue Caatk Rock anp Zong or Houaster PLaNus. 


Macroscopic Aspect.—Though in the Thames Valley and in 
localities in Berks and Wilts the Chalk Rock occurs as a compact 
bed of limestone, it is also often a series of layers of hard rock 
separated by softer chalk. It. exhibits a more or less nodular 
structure when smoothed hand-specimens are examined; this 
character seems to come on gradually in each bed from the 
hase upward, and reaches its highest development in the green- 
coated caleareo-phosphatic nodules which often define the upper 
limit of each layer. 


As in the case of the Melbourn Rock, there are all grada- 
tions from the well-marked nodule to one whose outline is 
scarcely perceptible, but the well-marked nodules of the Chalk 
Rock are nearly always slightly phosphatic, and there is frequently 
a brownish discoloration of the whole material. 
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Microscopic Aspect. 


Structure of Typical Chalk Rock.—The structure exhibited 
in thin sections of Chalk Rock from Dorsetshire and Wiltshire, 
and from places along the main escarpment to Cambridgeshire, 
is so characteristic that it is hardly possible to mistake it for chalk 
from any other horizon. 

The leading features are the abundance of Foraminifera, fora- 
miniferal cells, and spheres, the number and variety of the coarser 
shell-particles, the presence of sponge-spicules and of large grains 
of glauconite. Amongst the fragments of calcareous organisms 
many pieces of plates, spines, or ossicles of Echinoderms can he 
recognised, together with Inoceramus prisms and fragments of 
other shells, while the varying structure of the other calcareous 
fragments suggests derivation from a variety of sources. Foram- 
inifera occur in almost every section, the commonest being 
Globigerine, Textularians,* and nautiloid forms like Cristellaria 
and Rotalia. Hexactinellid sponge-mesh is frequently seen, while 
rod-like lengths, probably spicules of Monactinellid type abound, 
and here and there trifid forms can be made out. 

Thus the coarser fragments of a variety of organisms together 
- with grains of glauconite are intermingled in the calcareous 
matrix in ever-varying proportions, and give to the Chalk Rock 
a character not seen at any other horizon. There seems to 
be some evidence of current action, and a certain amount of 
sifting of the finest material from the coarser ingredients has 
taken place. Smoothed hand specimens of Chalk Rock, especially 
those taken a little distance from the top of each layer, will often 
show that the coarser particles lie in pipes, streaks, or mottlings 
which appear to divide incipient nodules, while nearer the top 
of the layer both nodules and matrix are more clearly marked: 
The nodules themselves appear to be hardened masses of chalk 
which has resisted this action, for they generally contain a smaller 
proportion of the coarse particles than the matrix in which they 
are now embedded ; on the other hand, it is possible to find a well- 
marked caleareo-phosphatic nodule which differs very little in its 
structure from the surrounding chalk. 

The siliceous walls of all the sponge-spicules in the Chalk Rock 
have disappeared, and though they have sometimes been replaced 
by calcite, it frequently happens that the spicule is represented by 
a hollow space or cast. Nearly all specimens of Chalk Rock are 
full of minute holes, which appear to be casts of smaller spicules ; 
these vary in shape from perfectly round to an elongate oval, 
according to the angle at which the spicule has been cut. 

A slice cut from the rocky chalk at the base of this zone at 
Pinhay, near Lyme, shows all the characteristics of Chalk Rock, 


* By the term Textularian we mean to include not only species of 
Textularia, but also other forms such as Gaudryina which are difficult to 
distinguish from the former in section. 
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the only special features being that sponge-spicules are very 
abundant, the Foraminifera in less variety and the glauconite 
grains smaller than usual. 

A rock-bed, having a striking resemblance to the Chalk Rock, 
occurs in the Broom Heath Railway cutting, about 4 miles. west 
of Swaffham (Norfolk). It is a hard semi-crystalline limestone, 
and agrees fairly well with Chalk Rock, but contains no glauconite. 

Nodular Chalk.— Where the Chalk Rock is absent,as in Kent, 
Surrey, and Sussex, and the zone of H. planus consists of rough, 
lumpy, and nodular chalk, the nodules near the base of the zone 
present a somewhat similar structure to that of the Chalk Rock, 
but there is less diversity in the appearance of the calcareous 
fragments, and they are also smaller; the plates and spines of 
Echinoderms still occur, but besides these the organic remains 
are chiefly “‘ spheres ” (which are very numerous), Foraminifera, 
and smallish shell-particles, which seem to be broken up Inocera- 
mus-prisms. Sponge-spicules are, however, sometimes abundant, 
and in several sections prepared from the hard nodules of this 
zone, from Dover and Eastbourne, what appears to have been 
Hexactinellid mesh-work is of frequent occurrence. 

Glauconite grains are often present in these nodules, but this 
mineral occurs far less frequently than in the Chalk Rock. Above 
the Chalk Rock, or within 10 or 15 feet above the base of the zone 
of H. planus, where Chalk Rock is not present, the microscopical 
features which characterise the base of this zone pass away, and 
the chalk assumes a more commonplace character, the recognisable 
coarser particles being chiefly spheres, with a few Globigerina, 
while the shell-fragments are chiefly Inoceramus-prisms, with 
here and there pieces, plates or spines of Echinoderms. _ 

A specimen taken near the top of this zone at Dover was pre- 
pared to show both the nodule and the surrounding matrix. The 
nodule proved in this case to consist of a dense calcareous paste, 
now in a semi-crystalline condition, in which are outlined many 
minute “ spheres,” one or two Globigerine, and minute Textu- 
larians, with here and there a small shell-fragment. The sur- 
rounding matrix was full of Foraminifera and shelly particles, 
some of the latter being recognised as Inoceramus-prisms. 

The Chalk in which Holaster planus has been found in Norfolk, 
Lincolnshire, and South Yorkshire, differs entirely in structure 
both from the Chalk Rock and from the nodular chalk of this zone. 
About 80-85 per cent. of it is amorphous calcareous material, 
with a few small weakly outlined “spheres” and here and there 
a Globigerina or a small shell-fragment. 

The Chalk-Rock of the Winterbourne Valley West of Dorchester.— 
The remarkable exposures of this zone in the Winterbourne 
Valley, near Rew Farm and Winterbourne Abbas, have been de- 
scribed on p. 109, and as nothing quite like some of the beds there 
geen has been met with in any other part of England, they seem 
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to merit special description. A set of samples from these quarries 
was handed to me by Mr. Jukes-Browne, and from an examination 
of them the following account has been drawn up:— 

The Gritty Chalk (Rew Farm).—Thin sections of this chalk 
show that the greater part of the rock consists of Foraminifera, 
foraminiferal cells, and spheres, scattered amongst which are rather 
coarse fragments of Inoceramus-prisms, and other indeterminable 
shelly particles, a few pieces of echinodermal spines, plates, or 
ossicles, and here and there a sponge-spicule. In one place the 
cast of a fragment of hexactinellid mesh appears to be cut 
through.. Large grains of quartz sand and of glauconite are 
distributed through the mass of the rock. 

In another specimen taken near the top of the quarry these 
quartz grains are entirely absent and the chalk exhibits a structure 
which closely approaches that of ordinary Chalk Rock. The 
matrix contains many fragments of a variety of calcareous 
organisms, amongst which plates, spines, or ossicles of Echinoderms 
are conspicuous, together with other indeterminable shelly par- 
ticles, all of which are of smallish size. The most abundant of 
the recognisable ingredients are, however, foraminiferal cells, 
spheres, and entire foraminifera, amongst which are Globigerine, 
Textularia, Rotalines, and some other obscure forms. Sponge 
spicules, long, thin, and needle-like, are rather numerous, and 
the rock is full of minute holes which appear to be casts of spicules ; 
these are either perfectly round, and from this graduate to an 
elongated oval, according to the angle at which the spicule is 
cut in the section. All appear to be of monactinellid type, no 
trifid or hexactinellid forms were observed. There are also 
six or eight circular forms which may be referred to Radiolaria, 
and are similar to that figured in the Melbourne Rock. * 
The recognisable organic constituents form about 80 per cent. of 
the rock. A few small glauconitic grains occur in the section. 

Winterbourne Abbas.—The hard rock in the quarry at this place 
(see p. 109) is, on the whole, similar to that of the upper part of the 
quarry at Rew Farm, and closely resembles Chalk Rock in 
structure. The recognisable ingredients which form about 70 per 
cent. of the mass, consist, as before, chiefly of foraminifera, cells, 
and “spheres,” while smallish shell-fragments, such as broken 
Inoceramus-prisms, Echinodermal plates, etc., and other indeter- 
minable shelly particles are scattered promiscuously through the 
rock. A few sponge-spicules occur and also a few of the forms with 
round outlines referred to above as Radiolaria. 

In this rock, however, there occur small nodular inclusions 
of a totally different kind of material, which when examined 
in thin sections has all the characteristics of rock from the upper 
part of the Upper Greensand. Three of these nodules were sepa- 


rately examined. 
* See Quart. Jour. Geo, Soe., vol. li., p. 608. Pl. XXIL, Fig. 2. 
6821 


U 
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The first gave a section ? of an inch square, and proved to be a 
glauconitic sandstone. The sand grains are rather coarse, average 
about 3 mm. in longest diameter, and form about 55 per cent. 
of the mass. Glauconitic grains make about 25 per cent. more. 
There are one or two large shell-fragments, a few Foraminifera, 
and a large Echinodermal plate, or ossicle. The whole is com- 
pacted in a matrix of finely granular crystalline calcite; if any 
siliceous material is present it is masked. The nearest approach 
to the structure exhibited in this nodule is that of the sandy 
Chloritic Marl of Mupe Bay, the matrix of which is very similar 
to that of this inclusion, but the sand grains are coarser. 

The second is a much smaller nodule and is surrounded by 
the chalky matrix. It is nearly of the same character as the 
last, but the matrix is more siliceous, and seems to consist largely 
of fine amorphous material neutral to polarised light— probably 
silicate of alumina. This nodule is sharply marked off from the 
surrounding chalk, and there is not the slightest evidence of a 
passage from one material to another. The slide, however, just 
takes in the edge of another nodule, which is not so well defined. 

The third nodule differs a good deal from the preceding. It 
3 very sharply marked from the matrix of chalk, and when 
viewed by transmitted light appears comparatively clear, though 
a confused and irregular crystalline structure can be discerned. 
Under crossed Nicols the crystals appear to be chiefly calcite, 
but silica can be clearly seen permeating the whole mass. The 
condition of the silica seems to be that of Chalcedony ; a crypto- 
crystalline structure can be made out wherever the silica can be 
seen clear of the calcitic crystals. Much of the silica must have 
been originally in the globular colloid condition, for globules are 
still to be seen in many parts of the slide, but all are now in the 
chalcedonic stage. This nodule seems to contain very few sand 
grains; those visible are very: small, though possibly some are 
obscured by the calcitic crystals. Nor are grains of glauconite 
abundant, they occur sparingly throughout the nodule; the elon- 
gate form of two or three of them suggests that they are short 
rod-like lengths, probably portions of a residuary spicular canal. 
No sponge-spicules are visible. 

A thin section was also made from the gritty glauconitic chalk 
which is associated with the hard rock at Winterbourne Abbas, 
and this proves to be almost identical with the gritty chalk from 
Rew Farm ; it contains even more quartz grains and large grains 
of glauconite are scattered throughout the rock. 


Results of the Examinations of Washings. 
Specimens of the Chalk-Rock and of the nodules of the chalk 
which occur at this horizon are so hard that it is useless to wash 
them, but the softer mealy matrix afforded material of interest. 
Samples of this material were obtained from Dover and Hitchin, 
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and from the chalk containing H. planus at Enthorpe (South 
Yorkshire). 

Shell-fragments.—The larger fragments of shell, especially in 
the Hitchin and Dover examples, were frequently so masked by 
the crystallisation of calcite upon them that in many cases their 
origin was uncertain; some, however, were pieces of the shell of 
Inoceramus showing the prismatic structure, while the finer 
particles were chiefly broken Inoceramus-prisms. Fragments of 
the tuberculated plates of Micraster could be distinguished in all 
specimens, most abundantly in those from Hitchin and Dover, 
and rather stout spines of Echinoderms broken into short 
lengths were of frequent occurrence. 

The rounded ossicles of Asteroidea and the calcareous plates of 
an Ophiurid like those found in the Middle Chalk (see Volume II. 
p. 516), occurred frequently in the Hitchin and Dover specimens, 
though hardly in such abundance as in the Middle Chalk; at 
Enthorpe they were less common. 

Both the Hitchin and Dover specimens contained many frag- 
ments of Bryozoa ; they were present also, though less numerously, 
at Enthorpe ; in all cases, however, they were more abundant 
than in the Lower and Middle Chalk. 

At Hitchin and Dover minute coprolites were very common, 
they were ovoid and elongate in shape, sometimes with annular 
ring-like markings, though usually smooth. These were not 
noticed in the Enthorpe specimen. Associated with the copro- 
lites were fish teeth or particles of clear brownish material, having 
the structure of teeth or bone, and fragments of fish scales. 

In this zone, at the Southerham quarry, near Lewes, there 
occurs a bed in which these minute coprolites are so very numerous 
that it has been called Phosphatic Chalk. This has been 
described by Mr. A. Strahan, and is similar to the deposit dis- 
covered at Taplow (Bucks) in 1891. The following remarks 
are condensed from hig description.* The phosphatic chalk, 
he says, “consists of a white chalky matrix in which are 
embedded a multitude of brown grains.”’ These “can be washed 
out in water, but the separation can be better effected by dilute 
acetic acid, which removes almost all the matrix, but scarcely 
corrodes the brown grains.” The grains, which are the 
coprolites of small fish, consist largely of phosphate of lime, 
and amber-coloured chips occur, which are probably fragments 
of bone or fish teeth which occur in the bed. Prisms of 
Inoceramus are abundant, but the internal casts of Foram- 
inifera form a large part of the residues. A thin section 
of the chalk shows the clear shells of Foraminifera surround- 
ing the internal phosphatic casts. In a footnote he adds that the 
figure given on Plate XX., Fig. 2, of the Deep Sea Deposits, Chal- 


~ *On a Phosphatic Chalk with Holaster planus at Lewes, Quart. Journ. 
Geol. Soc., Vol. lii. p. 463 (1896) with an Appendix by Mr. F. Chapman. 
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lenger Reports closely represents the appearance of the organisms 
of the phosphatic chalk. The bed rests on a hard challx floor, 
which in thin sections under the microscope is seen to consist of 
ax: amorphous calcareous paste enclosing numerous Foraminifera 
though not nearly in such abundance as in the phosphatic chalk. 
No foreign minerals were observed in this bed. 

Sponge-Spicules.—Though many casts of sponge-spicules in 
glauconite occur in the residues of the rock at this horizon, no free 
siliceous spicules were found in the Chalk itself. From the evidence 
both of residues and thin sections sponges must have existed in 
considerable numbers, the siliceous walls of their spicules, however, 
in all cases which came under notice, have disappeared, and 
in many instances have been replaced by calcite. Lvthistid 
spicules have not been definitely recognised, but Monactinellid, 
Tetractinellid, and Hexactinellid forms are represented. 

Foraminifera.—‘These organisms are numerous in the mealy 
chalk of this zone. From the phosphatic chall of Lewes, Mr. F. 
Chapman has already recorded 42 species and varieties (Op. cit. 
p. 270), and adding those isolated from our own washings and 
residues, also identified by Mr. Chapman, the total number of 
species from this zone will reach 66. They are distributed as 
follows :— 


Families. Genus. Species. 


* 


Miliolidee ? Miliolina? - = - 
Astrorhizide None - 
Lituolide Haplophragmium 
Ammodiscus 
Textulariide Textularia - 
Verneuilina 
Tritaxia - 
Spiroplecta- 
Gaudryina- 
Bulimina 
Pleurostomella 
Lagenidee Nodosaria 
Rhabdogonium - 
Frondicularia 
Marginulina- 
Vaginulina- 
Cristellaria- 
Flabellina 
Polymorphina 
Ramulina - 
Globigerinidee Globigerina- 
Rotaliide Discorbina - - 
Anomalina 
eA Pulvinulina 
ae Rotalia 

' Gypsina 


A 


HON MHON HH OHNDNHWHOGHAHaANNY SH 
Oo 


One new species. 
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The most persistent species are Bulimina obtusa and Bulimina 
affinis, which occurred in all specimens cxamined, and next to 
them were Tritazia tricarinata, Teartularia turris, Cristellaria 
cultrata, Cristellaria gaultina, Globigerina marginata and 
Anomalina ammonoides. Pulvinulina micheliniana was very 
common at Dover and Hitchin, but is not included in 
Mr. Chapman’s list from Lewes. Ammodiscus incertus occurred 
in this zone in Norfolk, and in all specimens to the north-eastward, 
but in none of those to the south and westward. In the specimen 
from Dover the genus Cristellaria was poorly represented 
while in that from Hitchin five species occurred, including 
one new one, a large, handsome, well-marked form. From Lewes, 
Mr. Chapman records six species of C'ristellaria, and among the 
other forms of the Rotaliide is Gypsina cret@, a species recorded 
for the first time from the English Chalk (op. cit. p. 471.) 


The Globigerinide, though common, are by no means abun- 
dant, and the individuals are less numerous than Anomalina 
ammonoides or Pulvinulina micheliniana in the Hitchin and 
Dover specimens. A complete list of the Foraminifera will be 
found on p. 349 et seq. 


Ostracoda.—The valves of Ostracods were common, but not 
abundant, in this zone. With the addition of one species, Cythereis 
auriculata, from the phosphatic chalk of Lewes, the following is 
the list of forms obtained from the washings, and named by 
Mr. Chapman :— 


Bairdia subdeltoidea (Miinster) 
»  harrisiana (Jones). 
Cythereis ornatissima (Reuss). 
auriculata (Cornuel). 
Cytherella ovata (Roemer). 
i obovata (J. and H.). 
55 Muensteri (foemer). 


All these have been found also in the Chalk Rock of Dun- 
stable and Luton (see p. 229), and most of them range up from 
the Cambridge’ Greensand.* 


Examination of the Residues. 


Including three specimens analysed by Dr. Hume, there are 
recorded in the annexed table the results of eleven examples of 
the chalk of this zone after treatment with the acid solution. 
Five of these are typical specimens of the Chalk Rock, the five 
others are from localities where no definite and well marked 
rock beds occur in this zone, while that from the Isle of Wight 
is a specimen of the hard rocky chalk of the zone from Fresh- 
water. 


* Annals and Magazine cf Natural History, Ser. 7, Vol. ii. p. 346. (1898.) 
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The largest proportion of insoluble material is found in the 
specimens of Chalk Rock, viz., in that from the Vale of War- 
dour, 2°91 per cent.; from Medmenham, Buckinghamshire, 
1: oe per cent. ; Triton, Bedfordshire, 1°52 per cent. ; Hitchin, 
Herts,*881 per ‘cent. These results show a gradual diminution 
of insoluble material from south-west to north-east along the 
main chalk escarpment. In the extreme south-west, however, at 
Pinhay Cliff, near Lyme, Dorset, an example of this zone only 
yielded a residue of -685 per cent., another. from Iwerne Hill, 
Blandford, «763 per cent., but further south at the Isle of Wight 
the total amount of insoluble matter was 1° 209 per cent. 


Specimens of the nodular chalk of this zone from Eastbourne 
and Dover give results nearly alike, the residue being a little 
Jess than in Hertfordshire, but north of Hitchin a slight 
increase in the amount is observable, when a specimen from 
north-west Norfolk is compared with one from Hitchin, and a 
further increase occurs in Yorkshire. 


The sample from Rew Farm, near Dorchester, hag an 
exceptional amount of coarse residue, but putting this aside, the 
amount of coarse residue is larger in all specimens of the Chalk 
Rock than in the nodular chalks; this is chiefly due to the 
amount of glauconite and green matter contained in it, the 
quantity of detrital minerals being nowhere large, and only at 
Hitchin was the amount of fine sand a specially prominent 
feature ; even here the amount is very small. 


The only minerals recognised by Mr. Teall in the coarse residues 
of specimens of this zone were quartz and an alkali-felspar, but 
in the example from Norfollx (Great Bircham) garnet is noted in 
addition to these. 


Dr. Hume, in a note on a sample of this zone from Pinhay 
Cliff, Lyme, (see p. 312) records muscovite mica and tourma- 
line. Compared with the Terebratulina zone there is some increase 
in the maximum size of the mineral grains, the largest °72 mm., 
a single grain possibly of a somewhat exceptional size, occurred in 
the residue of the Isle of Wight specimen, the next largest, °58 
mm., being found in the specimen from the Vale of Wardour, 
the average size remains small.’ 


Secondary Minerals. 


- Glauconite.—This mineral is very conspicuous in the Chalk 
Rock; the amount of it, judging by the eye, seems much greater 
than analysis proves to be the case, the dark grains showing 
strongly in contrast to the white chalk. 
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In an example of the Chalk Rock from Medmenham it was 
estimated that 70 per cent. of the coarse residue consisted of glau- 
conitic grains, or about *4 per cent. of the material examined. 
In another from Hitchin, 48 per cent. of the coarse residue con- 
sisted of glauconite, or ~14 per cent. of the whole material. 
A sample from Barford railway cutting, Vale of Wardour, con- 
tained still less, the amount of glauconitic grains being 55 per 
cent. of the coarse residue, or only ‘11 per cent. of the material 
examined. In the two latter specimens, however, the place of the 
glauconite seems to be taken by the green-coloured amorphous 
matter described in Vol. II page 312, and which, in the Barford 
sample amounted to 25 per cent. of the coarse residue, or 
‘05 per cent. of the material examined. 


The grains in the Medmenham specimen havé rounded well- 
smoothed contours, the majority are dark green, a few are paler 
or have a sort of dusty pale green rind. Casts of Foraminifera, 
though common, are not extremely abundant, but some perfect 
ones occur. Rods of glauconite, presumably residuary spicular 
canals, are also common, but no well-formed recognisable casts 
of definite form were noticed. 


In the Hitchin specimen the grains were more frequently in 
the form of casts of Foraminifera. Residuary spicular canals, 
either as simple rods or in well-marked tri-radiate forms, were 
frequent, and one or two fragments of very small Hexactinellid 
mesh occurred. 


The grains of the sample from the Barford railway cutting 
were, for the most part, of quite a different stamp; a few rounded 
dark green ones occur, but the greater part are of a dull pale green 
colour and are casts of foraminiferal cells or of small Foraminifera. 
The more perfect casts were chiefly minute Globigerine, but 
many other species were noticed. Casts formed of the green 
mud noted above also occur commonly. 


Residuary sponge-spicules are abundant, they were chiefly 
rods, but there were also a good many tri-radiate forms ; no Hexac 
‘tinellid mesh was observed. 


Some of the grains in the Chalk Rock of Medmenham measured 
‘6 mm. in their longest diameter, the average being about *27 
mm., those from Hitchin: were smaller, while in the rock from 
Barford one or two grains reached *5 mm., the average, however, 
is not more than ‘1 mm. 


Besides glauconite there occurred in the Blandford and Isle of 
Wight specimens a number of nearly white grains of siliceous 
material which closely resemble those of glauconite in outline. 
The grains were rather small and of irregular shape, but a few 
were casts of small Foraminifera. One grain somewhat larger 
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than the rest was observed to have a thin layer of green 
material, apparently glauconite, in its centre, the white matter 
occurring below and above. 

In all the coarse residues irregular fragments of porous iron 
oxide occur. In the Enthorpe specimen minute spherules, red 
brown exteriorly, but with darker interiors, were found. 


_ To sum up, therefore, the most noticeable points observable 
in the residues of the samples coming from the southern and 
central parts of England are as follows :— 


1. The presence of glauconite grains in some abundance. 
2. The larger amount of quartz in the form of-fine sand. 


3. The presence of some other detrital minerals—felspir, mica, 
tourmaline, and garnet. 


The following note on a sample from the Holaster planus zone, 
Pinhay Clitf, Lyme-Regis, is by Dr. Hume :— 
80°47 grammes of the rock yielded 552 gers. of insoluble residue, 
="686 per cent., divided into :— 
Fine residue, ‘541 grs.="672 per cent. 


Coarse residue, ‘0115 grs.="0143 per cent. - 
Hence the amount of CaCo=99'21 per cént. 


The residue is almost entirely detrital in character, consisting . 
of highly angular quartz grains, glauconitic rods (three forked 
ones in places), tourmaline (very small) ‘06 mm. diam., muscovite 
mica, and opaque white masses having no definite organic form. 

1. The quartz grains which form the greater part of this 
residue are in the main highly angular and very minute, a few 
larger grains, some of them tinted yellow, attaining a diameter of 
25 mm. The majority of the grains are clear and transparent, 
but some of the larger ones are filled with innumerable gas cavities. 

2. Muscovite mica is abundant in thin flattened flakes and 
easily recognised by the reflection from their surfaces in the dry 
powder. 

3. Tourmaline occurs in minute blue grey fragments, showing 
no crystalline form, but occasionally displaying columnar structure. 
These are very small as stated above. 

4. The glauconite rods are numerous, and evidently originated 
as internal casts of sponge spicules, a tri-radiate form being observed, 
though most of the examples were simple rods with flat termina- 
tions. 

5. The larger chalcedonic fragments have no well defined: 
form. The residue from this zone is very characteristic, especially 
as regards the presence of glauconitic rods, and is almost precisely 
identical with the residues from the same zone at Eastbourne and 
uéar Luton. 

In the following table is shown, first the general composition of 
the samples analysed and next a more complete description of 
the coarse residues, as explained in Vol. IJ, p. 263, 
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316 THE CRETACEOUS ROCKS OF BRITAIN. 


ZONE OF MICRASTER CORTESTUDINARIUM. 


Microscopic aspect of thin Sections. 


_The chalk of this zone varies somewhat in its structure when 
viewed under the microscope in thin sections. Speci:nens from 
near Cruxton in Dorset, from Boreham Down, near War- 
minster, from Lewes (Sussex), from*Dover and Chatham (Kent), 
and from Medmenham (Bucks), all contain a large proportion 
» of shelly particles which in every case are of small size and appear 
to have been much broken up. In the specimens from the above- 
named localities these, with Foraminifera and “ spheres,” are 
estimated to form from 35 per cent. to 60 per cent. of the deposit. 
A sample of this zone from near Blandford only contains about 
20 per cent. of the coarser ingredients, while two others from near 
Hitchin contain still less and consist chiefly of amorphous 
material ; the recognisable organic remains in one being estimated 
at only 10 per cent., and in the other at about 15 per cent. 
Another sample, from Great Durnford, near Salisbury, is chiefly 
amorphous matter, with very few shell-fragments or foraminifera. 


A specimen from Enthorpe in Yorkshire, contains a large 
number of minute calcareous particles, presumably of shell, 
“ spheres,” cells and the tests of Foraminifera forming with the 
shelly particles about 25 per cent. of the rock. In all specimens 
the lle of the “spheres,” cells, and Foraminifera are as a whole 
weakly outlined. From evidence of the sections the families of 
the Vextularide and Globigerinide are most frequently repre- 
sented; the area occupied by foraminiferal tests is, however, 
never very large. In the Lewes, Dover, Chatham, Hitchin, and 
Enthorpe specimens fragments of Bryozoa have been cut through, 
while in nearly all of them echinodermal plates or ossicles can 
be observed. Sponge-spicules are entirely absent in the 
specimens already mentioned, but one from Cruxton in Dorset, 
contains traces of hexactinellid mesh, and the circular organisms 
(see p. 305), believed to be Radiolaria are also to beseen. Grains 
of glauconite are rare. ‘ 


For examples of the beds of hard limestone which occur in 
this zone we may take the following :— 


Kent, Chatham Hill—Upper bed of yellowish rock by the side 
of the main road. This limestone when viewed as a thin section 
under the microscope is seen to be full of organisms. Minute 
“spheres” or foraminiferal cells are abundant, and a few larger 
Foraminifera occur. Minute calcareous particles are distributed 
throughout it, but only a few are sufficiently large to be identified. 
Some are Inoceramus-prisms, and one, judging by its outline, 
for all other structure is obliterated, is an ossicle of a starfish. 
Of the Foraminifera Globigerine are most abundant, and 
smallish Textularians, and other broken or indefinite forms, 
occur. The chief feature of the section, however, is the 
abundance of sponge-spicules; some of these appear to be of 
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hexactinellid type, others are simple rods cut through at various 
angles. In every case the siliceous walls have disappeared and 
are replaced by calcite. 

Surrey, Guildford—A large quarry near “ Monkshatch.’’ 
This bed is very similar to the last described, but shell-fragments 
are more numerous, coarser than in the rock from Chatham 
Hill. There is rather more diversity also in their structure; 
many no doubt are derived from Jnoceramus-shells, but some 
have outlines which indicate derivation from other sources. 
Sponge-spicules occur throughout the slide; they appear to be 
chiefly Hexactinellid type, but a few are simple rod-like forms. 
As before, the siliceous walls are replaced by calcite. There is a 
little glauconite in this specimen. 

Dorset, near Maiden Newton.—This rock bed differs from the 
two previously described. Minute foraminiferal cells or “‘ spheres ”’ 
are very numerous, and form a considerable part of the rock. 

There is a well-marked vein of coarse shell-fragments ex- 
tending across this slide. Some of these appear to be the plates of 
Echinoderms, and a spine of some size is cut through; other 
fragments are pieces of Inoceramus-shell, showing its prismatic 
structure, and some free prisms. In the remainder of the section 
shelly particles are not very abundant. 

There are a few rod-like sponge-spicules, and one of Trifid 
form is well displayed, but there is no Hexactinellid mesh. As 
usual, the siliceous walls are in all cases replaced by calcite. 

The expression cells or “ spheres ”’ is used advisedly in describing 
the sections of the Upper Chalk. The minute bodies which appear 
in the thin sections do not all seem to be the well-marked simple 
spheres which are so abundant in the lower beds of the Chalk. 
The walls of these bodies at this horizon are always thin and weak, 
and the diameter of the cells less than those of the Lower and 
Middle Chalk. Though representatives of the true “spheres” 
are no doubt present, many of the cells seem to be the young of 
Globigerina or other Foraminifera. 


Results of the Examination of Washings. 


Specimens of this zone from Blandford in Dorset; Lewes in 
Sussex; Dover in Kent; Hitchin in Herts; and Enthorpe in 
Yorkshire, were washed with water and the coarser particles 
separated by levigation. 

Shell-fragments.—The prisms of Inoceramus and fragments of 
the shell continue to be the most conspicuous of the Molluscan 
remains, though fragments of shell other than those of Inoceramus 
could be recognised. 

Echinodermal plates and spines were frequent, and the calcareous 
plates and ossicles of crinoids or starfish occurred commonly. 
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Fragments of Bryozoa were very numerous, and formed a 
marked feature in the specimens from Lewes, Dover, Hitchin; 
these were rather less common in the Blandford example and in 
that from Enthorpe; though present they were not conspicuously 
abundant. Minute fish teeth and ovoid coprolites were noted in 
all the specimens, but were comparatively rare. 

Foraminifera. Both in individuals and species Foraminifera 
were distinctly less numerous than in the zone below; the small 
number of species isolated induced us to re-examine the specimens, 
but without important result. 


Families. Genus. No. of Species. 


Miliolide = - - - | Miliolina = - 
Astrorhizidee Rhizammina - 
Lituolidee - - + | Haplophragmium 
Ammodiscus 
Textularia - 
Verneuilina 
Tritaxia - 
Spiroplecta 
Gaudryina 
Bulimina - 
Lagenide - - -  -| Tagena - 
Cristellaria - 
Ramulina - 
Globigerinidze Globigerina 
Rotaliide - - | Truncatulina 
Anomalina 
Pulvinulina 
Rotalia : 


Textulariidee 


' 
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Pulvinulina micheliniana and Anomalina ammonoides are the 
only species which occurred in every washing, but Bulimina 
brevis and Cristellaria cultrata were found in four out of five 
specimens of this Chalk; all these were common and usually 
abundant forms. The scarcity of the Lagenide is somewhat re- 
markable; they are represented by three genera and eight species 
only, compared with nine genera and twenty-one species in the 
zone below, and six genera and fourteen species in the zone above. 


Ostracoda.—The valves of Ostracods were common in the Dover 
specimen, less numerous in the others; the following species 
named by Mr. F. Chapman were isolated. 


Bairdia subdeltoidea, Miinsier. 
Cythereis ornatissima, var. nuda, J. & H. 
5 A var. paupera, J. & H. 
Cytheropteron umbonatum (Weil.). 
Cytherella ovata (Roem.). 
35 Muensteri (Roem.). 
ue williamsoniana (Jones). 
var. granulosa (J. & H.). 


” ” 
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Examination of the Residues. 


Eight examples of this zone have been treated with the acid 
solution ; three of the results given are extracted from Dr. Hume’s 
researches. 


It will be observed for the first time that there is no sequence 
in these results. The highest percentage of insoluble material, 
3°72 per cent., occurs in a specimen from Medmenham, Bucks, 
and this is almost equalled by another recorded by Dr. Hume 
from Swanage, Dorset. The lowest are from Lewes, Sussex, and 
Dover, Kent, ‘664 per cent. and -609 per cent. respectively ; the 
sample from Enthorpe, Yorkshire, shows a slight decrease in the 
amount of insoluble matter compared with the zone of H. planus 
in this locality. The amount of the coarser particles is exceedingly 
small, mineral grains being very scarce. 


In two residues, one from Blandford in Dorset, and one from 
Medmenham in Bucks, submitted to Mr. Teall, quartz and ortho- 
clase were the only minerals recognised. 


In an example from Ballard Hole, Punfield Cove, Dorset, Dr. 
Hume found quartz, apatite, felspar, and tourmaline. * 


The mineral grains are a little smaller than in the lower zone, the 
maximum being ‘58 mm. compared with -72 mm. in the zone of 
H. planus, and the average ‘(08 mm. to ‘11 mm. Iron oxide 
usually formed the greater part of that separated. It occurred 
frequently in the form of short cylinders, as well as in minute 
irregularly-shaped pieces. The Enthorpe specimen contained 
_ Marcasite in small octahedral crystals, much oxidized yet still 
retaining their original form. This specimen also contained many 
arenaceous Foraminifera, chiefly Ammodiscus and the tubes of 
Rhizammina in short lengths. Arenaceous foraminifera were 
absent in all the other specimens except that of Lewes, in which 
two specimens of Ammodiscus occurred. Glauconite was rare in 
all samples. 


The generalisations made by Dr. Hume on the chalk of the zone 
appear to be correct ; they were :— 


1. The almost total absence of glauconite grains and rods. 

2. The consequent larger percentage of grains of quartz and 
felspar in the coarse residue. 

3. The absence [or rarity] of arenaceous Foraminifera. 


It will be noticed that the total amount of coarse residue is 
generally much less than in the zone of H. planus, but the 
quantity of quartz and felspar present is probably about the same, 


* Chemical and Micro-Mineralogical Researches, page 59. 
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ZONE OF MICRASTER CORANGUINUM. 
Microscopic aspect of thin sections. 


Thin sections of the chalk of this zone show that it consists 
chiefly of amorphous material ; in the majority of specimens the 
proportion of the ingredients which can be recognised as particles 
of shell and Foraminifera, whole or broken, are variously estimated 
from 5 per-cent. to 15 per cent., of the mass though occasionally 
they exceed this amount. 


Thus in examples obtained from Whitehill near Blandford, 
Odstock near Salisbury, Taplow in Buckinghamshire, St. Mar- 
garet’s Bay near Dover, Knebworth in Hertfordshire, particles 
sufficiently large to be definitely recognised and presumably 
derived from shells, and Foraminifera in no case exceed 15 per 
cent. One from near Burling Gap, Eastbourne, contains an 
exceptional amount of shelly particles, these with Foraminifera 
forming about 35 per cent. of the rock; while in another from 
Charlton, near Salisbury, and probably near the base of the zone 
spheres and cells form half the chalk, shell fragments being rare. 
A series of specimens from this zone in the Isle of Wight may be 
described as follows :— 


Base of the Zone.—Chiefly amorphous material. There are a 
good many “spheres” or foraminiferal cells, more than in any 
of the foregoing, two large Globigerine only occur in the section ; 
one is a mere shadowy outline, in the other the shell of the test 
is better preserved, though it is broken and crushed. Very few 
small shell-fragments. The coarser particles and Foraminifera 
form here about 12 per cent. of the chalk. 


Middle of the Zone.—This specimen contains more calcareous 
particles. These are not Inoceramus-prisms, but fragments of 
irregular shape. One large piece is of chambered structure, pos- 
sibly a Bryozoon, and the outline of others suggests derivation 
from the same or a similar organism. Besides these larger frag- 
ments the chalk is rather full of minute particles, presumably shell. 
“Spheres ” and foraminiferal cells are common, but there is not a 
single Globigerina in the whole section, though there are a few 
Textularians and one or two indefinite forms. The coarser par- 
ticles and Foraminifera may be estimated about 25 per cent. 


Upper part of the Zone.—Foraminiferal cells and spheres fairly 
numerous, three or four large sized Globigerine and one or two 
Textularians occur. There is one piece of a Bryozoon, and the 
section just takes in the edge of a large Echinoderm plate. 
Throughout the section, but more abundant in some places than 
in others, are thin, thread-like lines of crystalline calcite; they 

6821 x 


322 THE CRETACEOUS ROCKS OF BRITAIN. 


are of no great length, rarely they can be seen to bifureate at one 
extremity ; they are probably sponge-spicules. 


_ At Culver cliff at or above the top of this zone there are four 
lines of green-coated nodules.* Specimens of these nodules were 
submitted to a microscopic examination, and were found to consist 
mainly of the fine amorphous material of the chalk with a some- 
what unusual number of perfect Foraminifera ; sponge-spicules are 
also present, their siliceous walls being replaced by calcite. The 
colouring matter appeared to be due to a green material which had 
accumulated in the interior of the foraminiferal cells, but the whole 
material was sometimes tinted green with no apparent change in 
its constituent particles. In some of the nodules were ramifying 
cylindrical perforations filled in with white material, which showed 
in strong relief against the remainder of the nodule. 


In a specimen from Creake in Norfolk, probably from near the 
base of the zone, shell-fragments were more abundant than usual ; 
a few Inoceramus-prisms occur, and many of the other particles, 
which are small and angular, are probably derived from the same 
shells. The Foraminifera visible are chiefly Textularia and a few 
well defined though minute Globigerine, with some other 
indefinite forms which cannot be identified in thin sections, 
together with single cells and “spheres.” The area occupied 
by these organisms and particles of shell is about 20 per cent. of 
the Chalk. 


A sample from Kirk Ella quarry, near Hull (Yorkshire), is 
probably just above the middle of the zone, but perhaps higher. 
In this specimen there are a few well-marked large Globigerine 
and Teatularia, while those of minute size together with cells 
and “spheres” are fairly numerous. Very few shelly particles 
occur, but there are one or two portions of Echinodermal plates. 
Coarse particles, etc., about 20 per cent. 


Results of the Examination of Washings. 


The specimens of Chalk from this zone examined by washing 
were obtained from Quidhampton, Wiltshire (middle of the zone), 
Dover (near the base), Chatham (near the top), Hitchin (the centre), 
Rudham in West Norfolk (lower third). 


Shell-fragments.--The quantity of shell-fragments separated 
from the finer material by levigation was less than in the zone 
below. They included Jnoceramus-prisms, fragments apparently 


* Geology of the Isle of Wight, by C. Reid and A. Strahan, Mem. 
Geol. Survey, page 79 (1889). These nodules are most probably in the 
zone of Marsupites, ; ’ oe 
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of Pecten, llat pieces of uncertain derivation and not infrequently 
minute specimens of Terebratulina or fragments of the shell. In 
the Upper Chalk many prisms of shell probably derived from 
Inoceramus differ from those of the Lower and Middle Chalk, 
they are usually larger, longer, more rounded in outline and gene- 
rally less wedge shaped than the prisms met within the lower 
zones. From this zone upwards Jnoceramus-prisms no longer 
form a conspicuous feature amongst the coarser particles obtained 
by washing. LEchinodermal plates and spines occur sparingly, 
but the plates of Crinoids or Starfish were either absent or rare. 
Very few fragments of Bryozoa were seen. 


No fish teeth or coprolites occurred in any of the specimens 
from the localities above mentioned. 


The two remarkable beds of phosphatic chalk discovered at 
Taplow, and described by Mr. Strahan,* belong either to this 
zone or to that of Marsupites (see p. 219). The upper oneis 11 
feet, and the lower 4 feet thick. Like that of Lewes (see p. 307) 
they are full of brown coprolites rich in phosphate of lime. 
They rest on floors of hard nodular rock into which the 
soft material of the overlying phosphatic chalk is piped. 


Mr. Strahan describes the piped chalk .as follows :—“ A thin 
slice of the piped chalk from just below one of the brown beds 
shows white chalk traversed by tubes full of the brown powdery 
variety. The white chalk contains a few scattered Foraminifera, 
all imperfect. The test appears as a sharply defined clear layer, 
and encloses granular material resembling the matrix, or in some 
cases a crystalline substance, but in many instances is aap: 
Many of the foraminiferal chambers show a black cross. 
presumably due to a radial structure of the test. The tubes men- 
tioned are sharply defined and crowded with organisms, most of 
them filled entirely or partly with an opaque brown mineral.” 


The contents of the brown rock obtained by powdering are 
chiefly brown grains, which are without much doubt the excreta of 
small animals, pieces of fish teeth and bone, prisms of Inoceramus, 
etc., and many Foraminifera. The fine mud consists mainly of 
coccoliths [i.e., pseudococcoliths], discoliths, and rhabdoliths. 


Foraminifera. -—Foraminiferal tests were more numerous 
amongst the coarser particles of the washings than in the zone of 
Micraster cortestudinarium, and the phosphatic chalk of Taplow 
is very rich in Foraminifera. 


* On a Phosphatic Chalk with Belemnitella quadrata, at Taplow. 
Quart. Journ. Geol. Soc., Vol, xlvii. p. 356 (1891). 
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Mr. Chapman identified 51 species among those isolated from 
our washings, the following families and genera being represented :— 


Families. Gen. No. of species. 


Astrorhizide - Rhizammina - 
Lituolide - Reophax 

Haplophragmium - 
Ammodiscus - 
Textulariidee - Textularia - - 
Verneuilina - 

Tritaxia 

Spiroplecta 

Gaudryina 

Bulimina- - 

. Bolivina - 
sagenidee Nodosaria 
Frondicularia 
Rhabdogonium 
Cristellaria - - 
Polymorphina 

Ramulina - 
Globigerinide- - ~- | Globigerina - % 
Rotaliidze Discorbina “oe 
Truncatulina - - 
Anomalina - - 
Pulvinulina - 

Rotalia - 
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Of these 51 species the most persistent, 1.¢e., those which occur in 
every sample from this zone, are Verneuilina triquetra, Bulimina 
brevis, and Bulimina obtusa, Cristellaria convergens, Ramulina 
aculeata, Truncatulina ungeriana, Anomalina ammonoides, Pul- 
vinulina micheliniana, and Rotalia Soldani. 


Of these Anomalina ammonoides, Verneuilina triquetra, Pul- 
vinulina micheliniana, Rotalia Soldani were most abundant. 
Bulimina Presli, a form not noticed before in the Upper Chall, 
occurs rarely at Dover. For a complete list see p. 349. 


Globigerine were rare everywhere and such as were isolated 
were minute and puny examples of the family. Arenaceous forms 
were generally rare or absent in the residues, but in that from 
Blandford the tubes of Rhizammina formed much of the insoluble 
material. 


Ostracoda.—-Valves of Ostracoda were present everywhere and 
the following forms were isolated from the washings and named 
by Mr. Chapman :—- 

Bairdia subdeltoidea, Munster. 
Cythereis ornatissima, Reuss. 


” Fr var. nuda, J. & 7. 
4 » reticulata, J. & H, 
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Cytheropteron alatum, var. cornuta, Bosquet. 
Cytherella ovata, Roemer. 

obovata, J. & A. 

Muensteri, Roemer. 
williamsoniana, Jones. 


” 
” 
” 


No sponge-spicules occurred in the washings. 


Examination of the Residues. 


In the annexed list of six specimens of the Chalk of this zone 
subjected to treatment with the acid solution we include three 
by Dr. Hume. 


It will be seen that the percentages of the insoluble material 
are again irregular and there is no sequence when the specimens 
are compared one with the other, but as a whole there is a smaller 
percentage than in the zone below. 


The Norfolk sample is the purest chalk, giving only a residue 
of *'750 per cent., while that at Culver Cliff, Isle of Wight, contains 
2°50 per cent. of insoluble matter, this sample, however, seems to be 
taken from the bed of green-coated nodules which occurs at or 
above the top of the zone in this locality. * 


The percentages of the coarser particles is exceedingly small, 
the largest amount occurs in the specimen from Kirk Ella, York- 
shire, but this is due to the occurrence of fragments of silicified 


shell. 


Detrital Minerals.--Grains of quartz and alkali felspar are 
the only minerals recognised, so few indeed are they that the 
whole of them could usually be counted. The average of the 
maximum size of the grains is the same as in the underlying zone, 
but the general average is larger. Three large grains in the 
Norfolk specimen, however, partly explain this. 


Secondary Minerals.--Glauconite occurred only in two samples. 
Three rods, apparently residuary spicular canals, were noticed in 
the residue of the Blandford specimen and Dr. Hume records 
glauconitie rods and spherules in that from Culver Cliff. 


Tron oxide occurs usually as minute spherules, brown exte- 
riorly with darker centres, and not so frequently in the irregular 
shapeless masses which are met with in the lower zones. 


In many residues of the Upper Chalk small irregularly-shaped 
masses of milky-white colour frequently occur. They are 
siliceous and when broken into fragments polarize with brilliant 
colours similar to chalcedony. They are not solid as a rule, but 
consist of irregularly shaped mammillated aggregations of silica 
firmly fused together. 


* Chemical and Micro-Mineralogical Researches, page 65. 
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ZONE OF MARSUPITES. 


Microscopic aspect of thin Sections. 


The thin sections of the chalk of this zone which we have 
examined number only seven. The localities from which the samples 
were taken are Blandford in Dorset, Highfield near Salisbury, 
the Isle of Wight, Arundel in Sussex, Margate in Kent, and 
from the lower third of the flintless chalk from Flamborough, York- 
shire. All these specimens, and indeed those of the two succeeding 
zones, exhibited such a general resemblance in microscopical aspect 
that one description might almost serve for all. 

The decrease in the amount of recognisable organic particles 
continues, the coarser material scarcely exceeding 10 per cent. of 
the mass in four out of the seven specimens. Of the three 
exceptions, the example from Highfield, holds about 15 per 
cent. of small shell-fragments and Foraminifera, that from 
Margate contains rather more shell-fragments, these with the 
foraminiferal cells, “ spheres,” and entire foraminifera, forming 15 
to 20 per cent. of the mass. In the case of the flintless chalk of 
Yorkshire there are scarcely any shell-fragments, but foraminiferal 
cells and “‘spheres” are rather numerous. 

Shell-fragments are very few in number and usually so small 
that it is impossible to suggest from the examination of thin 
sections whence they were derived. Very few recognisable 
Globigerine occur, in two of the slides there seem tobe none; 
that of the flintless chalk contains three or four, and possibly some 
very minute forms which occur in the Blandford example may 
be referred to this genus. 

Minute Textularians are to be seen in most of the sections. The 
few larger forms which occur are usually too indefinite for 
identification in section. 


Results of the Examination of Washings. 


Three specimens of this zone were broken up and washed with 
water, they were obtained from Blandford (Dorset), Arundel 
(Sussex), and Margate (Kent). 

Shell-fragments.--Inoceramus-prisms of the long rounded 
typé formed a considerable part of the calcareous particles, and 
were most numerous in the Margate and Arundel specimens 
Besides these, a few flat pieces and here and there a portion of a 
ribbed shell were noted. Rather large fragments of calcite often 
occur, not only at this horizon, but in most of the Upper Chalk 
zones ; these sometimes can be made out to be fragments of Inoce- 
ramus and probably the thicker parts of other shells, but some seem 
to have no structure or if they have it is obscured by the redeposition 
of ealcite. 
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Plates and spines of Echinoderms were common in the Arundel 
sample, in which also were noted ossicles of Asteroids and Crinoids, 


but in the other two specimens such fragments were of less frequent 
occurrence. 


A few fragments of Bryozoa were noted in each sample. 

The chalk of this zone from Arundel contained also minute ovoid 
coprolites, and clear amber coloured fragments which appeared to 
be either teeth or bone. 


Foraminifera._-Though the list of forms is not so long as in 
some other zones, Foraminifera are individually abundant at this 
horizon at all the above localities. 


The specimens isolated were named by Mr. Chapman, who 
found 40 species belonging to the following genera :— 


Families. Genus. No. of — 
Species. 


Astrorhizidz Rhizammina 
Lituolidee Reophax - 
Haplophragmium 
Ammodiscus 
Textulariidee Textularia 
Verneuilina 
Tritaxia 
Gaudryina 

— Bulimina : 
Pleurostomella - 
Lagenidz Nodosaria - 
Flabellina - - 
Rhabdogonium 
Marginulina 
Cristellaria 
Ramulina 
Globigerinidz Globigerina 
Rotaliidee Truncatulina 
Anomalina 
Pulvinulina - 
Rotalia - + 


New species. 
One new species. 
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Six of the species noted as most persistent in the zone below occur 
at this horizon in every specimen of the chalk examined, viz., 
Verneutlina triquetra, Bulimina brevis, Truncatulina ungeriana, 
Anomalina ammonoides, Pulvinulina micheliniana, and Rotalia 
Soldani. To these must be added another form (Rotalia ea- 
sculpta), which, from this point to the summit of the Chalk, is to 
be found in all specimens. 


Anomalina ammonoides is exceedingly common in the zone of 
Marsupites Chalk, and the others though hardly so abundant 
occur with great frequency. The Globigerine as before are rare. 
For a complete list of the species, see p. 349. 
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Arenaceous forms were not found in any of the southern 
samples, but in the flintless Chalk of Yorkshire they recurred 
in some abundance. Ammodiscus incertus and Rhizammina 
indivisa were the most frequent, and the list includes a new 
species of Reophax and another of Haplophragmium. 


The valves of Ostracoda seemed rather more abundant amongst 
the coarser particles and the following were isolated from the 
washings and named by Mr. Chapman :—- 


Pontocypris bosquetiana, Reuss 
Bairdia subdeltoidea, Munster 
Cythere (species). 
Cythereis ornatissima, var. paupera, J. & H. 
Cytheropteron concentricum, Reuss var. virginea, Jones 
= umbonatum, Wil. 
Cytherella ovata, Roemer 
i obovata, J. & H. 
33 williamsoniana, var. granulosa, Jones 
i“ Muensteri, Roemer 


Examination of the Residues. 


Four specimens of this zone were treated with the acid solu- 
tion. The results of three of these call for no special remark. 
They are all very pure chalks containing less than 11 per cent. 
of insoluble material. The coarse residue separated from the 
fine clay was very minute in quantity, and consisted of a few 
quartz grains, the average size of those measured being ‘07 
mm., and spherules or particles of iron oxide. * 


In the fourth example, that of the flintless chalk, from near 
Flamborough, Yorkshire, the insoluble residue, chiefly fine clay, 
reaches 3°120 per cent., an amount exceeded in two cases only 
above the horizon of Holaster planus. It seems at first sight 
exceptional both for the horizon and the locality, but this 
increase of clayey matter in the highest beds of the Yorkshire 
Chalk is confirmed by the analysis of the specimen from the 
overlying zone. The coarser part of the residue of the flintless 
chalk consisted largely of the debris’ of arenaceous Foraminifera, 
and no less than six different species were isolated from it. 
Amongst the mineral grains in this specimen Mr. Teall recognises 
quartz and microcline felspar. 


Secondary Minerals.—Glauconite is rare. Iron oxide frequently 
occurs in minute spherules, 


* Dr. Hume analysed a sample taken from the base of the pinnacles 
“just outside Studland Bay” on the Dorset coast (see Chemical and Micro- 
Mineralagtoal Researches, p. 65), believing this to be in the zone of 
Marsupites, but Dr. Rowe has shown that it.must be in the zone of 
Bel. mucronata. 
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ZONE OF ACTINOCAMAX QUADRATUS. 


Microscopical aspect of thin sections. 


The specimens of this zone were nearly all obtained from the 
South of England, and chiefly from the neighbourhood of 
Salisbury, viz., three from Britford, Whaddon, and Milford ;* 
one other was taken from Culver Cliff, about 70 feet above the 
flintless zone. They are all much alike and consist largely of amor- 
phous material with foraminiferal cells and “ spheres,” the latter 
being rather more numerous than in the zone below. A few 
minute Textularia and nautiloid forms may be detected in each 
slide, and occasionally the tests of the larger forms of Foraminifera, 
which washings show to occur, are cut through in section, but are 
not identifiable. Globigerinw are rare. In one of the Britford 
specimens (collected by Mr. Jukes-Browne) thin, thread-like 
sponge-spicules occur ; one form is trifid and another appears to 
be part of Hexactinellid mesh. They are all rather obscure. 
The shell-fragments are small, and appear to be pieces of thin 
shell; only very few suggest derivation from Inoceramus. Here 
and there a small fragment of Echinoid test occurs. The amount 
of shell-fragments, foraminiferal cells and Spheres ranges from 15 
to 20 per cent. 


An example of this zone from the highest chalk in Yorkshire, 
near Bridlington, presents a very similar aspect, though there 
are fewer shell-fragments. Cells and Spheres are numerous 
and there are two or three trifid spicules. The amount of the 
coarse particles is estimated about 15 per cent. 


The Examination of Washings. 


Specimens of the zone from localities above noted near Salisbury 
and that from the Isle of Wight were washed with water. That 
from Yorkshire is hard and semi-crystalline and washing it was 
not attempted. 


Shell-fragments.—The observation made with regard to the 
shell-fragments in the examination of the sections was verified 
in the washings. They proved to be for the most part thin, irregu- 
larly shaped pieces, the origin of which is doubtful. Inoceramus 
prisms were not numerous. Crinoid ossicles, Echinoid spines in 
short lengths, and here and there a single fragment of Bryozoon 
was noted. 


No sponge-spicules were recognised in the washings. 


Foraminifera.—These organisms appear to be less abundant in 
this zone than in any other, so far as our examination has gone. 


* Specimens of the upper and lower part of the zone were kindly sent 
by Dr. Blackmore at the request of Dr. Rowe. 
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Those obtained from our washings were named by Mr. F. Chap- 
man and number only thirty, species and varieties, three of which, 
a Tritavia, a Bulimina and a Bolivina, are new to science. 


spe No. of : 
Families. Genus. Species. — 
Astrorhizidse Rhizammina -~ - 3 
Lituolidee Ammodiscus -~ - 1 
Textulariidz Textularia 2 
Verneuilina - - 1 
Tritaxia - oe 1 One new species. 
Bulimina - - 6 One new species. 
Bolivina - oo 2 One new species. 
Pleurostomella - 1 
Lagenidee Lagena - oe 1 
Cristellaria - - 4 
Polymorphina - 1 
Globigerinide -.| Truncatulina = - 1 
Rotaliide - Anomalina - 1 One abnormal. 
Pulvinulina - 2 
Rotalia - 3 


Ammodiscus uncertus occurred in all the acid residues of this 
zone. The absence or rarity of Nodosaria and Globigerina is 
curious. Verneutlina triquetra, Bulimina brevis,and B. obtusa, 
Cristellaria rotulata, Truncatulina ungeriana, Anomalina ammo- 
noides, Pulvinulina micheliniana, Rotalia exsculpta and R. 
Soldani with its variety, nitida, are amongst the commonest forms. 
The most interesting is, perhaps, Rhizammina algeformis, which 
Mr. Chapman recognises in the acid residue from the Yorkshire 
example, and recorded for the first time from the chalk. 


This form is described by Dr. Brady thus :* —“ Test free, tubular, 
branching dichotomously, flexible, forming tangled weed-like 
tufts of indefinite size. Texture chitino-arenaceous, rough exter- 
nally.” ‘Specimens of this species were obtained by Dr. Car- 
penter, in 1869, in the deepest portion of the Atlantic explored 
by the Porcupine Expedition of that year.” But at one of the 
Challenger stations off the western coast of South America, about 
the latitude of Valparaiso, the principal part of the contents of 
the dredge consisted of a weed-like organism of this sort. “ At 
first sight the tangled threads bear considerable resemblance 
to masses of some Melanospermous Alga.” 


The depth of water where this form occurred so abundantly 
was 2,160 fathoms, but it appears to range from 2,900 fathoms 
in the North Pacific to 210 fathoms near the Fiji Islands. 


*Report of the Foraminifera dredged by the Challenger Expedition, 
p. 274. 
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Ostracoda.—But few valves occurred in the washings of this 
zone. The following were named by Mr. Chapman :— 


Bairdia subdeltoidea, Miinst. 
Cythereis lonsdaleana, Jones 
Cytherella ovata, Roemer 


Examination of the Residues. 


Little can be said in regard to the residues. The Salisbury 
specimens are amongst the purest chalks examined. The speci- 
men from Culver Cliff was remarkable from the number of are- 
naceous Foraminifera it contained. The increase in the amount 
of clayey matter in the north continues through this zone, the 
analysis showing a slightly larger percentage of insoluble residue. 
As before, the coarser part of this residue consists chiefly of are- 
naceous Foraminifera, Rhizammina and Ammodiscus being the 
prominent forms. 

The only mineral grains recognised were of quartz. These 
occurred in all residues, but were nowhere numerous. Some 
of the grains observed were larger than any seen in the zone 
of Marsupites, but the average size is nearly the same, viz., 
‘08 mm. Glauconite is entirely absent. The coarse residue, as 
usual, consists chiefly of small fragments of iron oxide. 
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ZONE OF BELEMNITELLA MUCRONATA. 


Microscopic Aspect. 


The chall of this zone, like that underlying it, consists chiefly 
of amorphous calcareous material. Seven slides were prepared. 


Specimens from Dorset contain only a few small shell-fragments’ 
but Foraminifera, cells, and ‘‘spheres” are fairly numerous, 
minute Textularians being especially abundant. One or two 
nautiloid forms can be made out, the remainder have a vague 
outhne, and give no clue to family or species. The area occupied 
by these forms, together with the shell-fragments, may be 
estimated from 10 to 20 per cent., but it must be remembered that 
the tests are themselves full of fine amorphous material. 


Two specimens from Salisbury, kindly sent by Dr. Blackmore, 
are also chiefly amorphous matter, and contain a very small pro- 
portion of fine shelly fragments. Minute Textularians and globular 
forms which may be minute Globigerine, with here and there a 
larger test are scattered thinly through the chalk. Neither cells 
nor “spheres” are common, the total amount of recognisable 
particles and Foraminifera cannot exceed 10 to 12 per cent. In 
a third specimen, however, both cells and “ spheres” are rather 
numerous. 


Three specimens from the Isle of Wight, ¢.e. from Ashey Down, 
Culver Cliff, and Newport, all contain a larger percentage 
of shell-fragments, and recognisable organic fragments are more 
numerous in the deposit. The shell-fragments are rather small 
and thin, and though particles evidently derived from the shells 
of Inoceramus are present they are not numerous. Fragments of 
Echinoderms are present in all specimens, and in two out of three 
portions of Bryozoa have been sliced through. Cells, “‘ spheres,” 
and Foraminifera are thinly scattered throughout the rock ; these, 
with shell-fragments, may be estimated to form 20 to 30 per cent. 
of it. 


The specimen from Norwich is remarkable for the number of 
Foraminifera it contains. These are chiefly small Teztularia, 
probably 7’. globulosa, but Globigerince also occur. They are 
somewhat unevenly distributed, and occur in veins or patches; 
in some parts of the specimen examined they form from 20 to 
30 per cent. of the chalk, while in others they are far less 
numerous. 


No sponge-spicules were observed in any of the sections of chalk 
from this zone, 
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Results of the Examination of Washings. 


The four specimens of chalk of this zone broken up and washed 
with water were from Salisbury, Dorchester, the Isle of Wight 
and Norwich ;* the results were not of great interest, but serve 
to confirm opinions formed in the examination of thin sections. 


Shell-fragments.—These are chiefly thin flattish pieces, occa- 
sionally ribbed, suggesting derivation from Pecten, and irregular 
and more or less angular particles of the thicker parts of shells. 
Inoceramus-prisms are present, though not very numerous. 
The Norwich specimen contained many fragments derived appa- 
rently from a small Terebratula. Stout short lengths of echinoid 
spines and fragments of the test, ossicles of Starfish or of Crinoids 
were all not uncommon. Small spines of an Echinoderm were 
exceptionally numerous in the specimen from Norwich. Fragments 
of Bryozoa were frequent in the Isle of Wight specimen, and a few 
occurred in those from Salisbury and Norwich. 


A few fragments of fish teeth, and here and there a coprolite, 
were noted in the Isle of Wight chalk, and one or two were seen 
in that from Salisbury. 


Sponge-Spicules.—It isa curious fact that while sponge-spicules 
are abundant in the meal of flints in all the zones of the Upper 
Chalk none occur among the coarser particles when a sample of 
the chalk itself is washed. It is true that a few trifid spicules, 
and some that are apparently monactinellid forms, can now and 
then be recognised in thin sections, but above the zone of M. 
cortestudinarium they are never abundant, and the siliceous wall 
of the spicule is either entirely dissolved or replaced by calcite. 


M. Cayeuxt remarks that judging by the evidence of thin 
sections one would conclude spicules were nearly absent in the zone 
of T. gracilis, but by acting on the chalk with weak acid a residue 
is obtained which is rich in spicules. We have experimented in 
the case of one specimen of the Actinocamaz quadratus zone with 
a weak solution of acetic acid, but without result, although a thin 
section showed small spicules were present. In the meal found 
in the centre of a single Paramoudra flint from the zone of Bel. 
mucronata, near Norwich, Dr. Hinde obtained no less than 160 
different forms belonging to 32 genera and 38 species, the four 
chief families being represented. Dr. Hindet remarks, “So far as 
these comparisons extend the sponges of this Chalk flint may 
have inhabited a depth of 1,700 fathoms.” 


“ Kindly sent by Mr. Sothern at the request of Mr. H. B. Woodward. 

+ Contribution 4 l'étude Micrographique des Terrains Sédimentaires, 
p. 290. 

{Fossil sponge spicules from the Upper Chalk, Dr. G. J, Hinde, p, 75, 
Munich (1880). ; 
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Foraminifera.—Foraminifera are fairly abundant in this 
zone, and from the washings 53 species were isolated and named 
by Mr. F.Chapman. They include a new species of Reophaz, and 
another of Haplophragmium. 


No. of 


Families. Genus. Species — 


New species. 


Lituolide - Reophax - - 
New species. 


Haplophragmium = - 
Lituda - - 
Ammodiscus 
Textulariidze Textularia - 
Verneuilina - 
Tritaxia = - - 
Spiroplecta - 
Gaudryina 
Bulimina 

Bolivina 
Pleurostomella 
Lagenidee Nodosaria - 
Frondicularia 
Flabellina - 
Marginulina 
Cristellaria 
Polymorphina 
Ramulina 
Globigerinide - | Globigerina 

Pullenia 

Rotaliide - - | Truncatulina 
Anomalina 
Pulvinulina - 
Rotalia- 


SBNNNHEP RR SE ATE EP NOY NNWE NH WH eee 


The most persistent and at the same time the commonest 
species in the washings are Teztularia turris, Bulimina obtusa 
‘and B. brevis, Cristellaria convergens, C. rotulata, Anomalina 
ammonoides, Pulvinulina micheliniana, Rotalia Soldani, var. 
nitida and R. exsculpta ; Ammodiscus incertus occurred in two of 
the acid residues. A list of the species is given on p. 349. 


Ostracoda.—The following is a list of the species which were 
isolated from the Norwich specimen and named by Mr. F. Chap- 


man :— . 
Paracypris siliqua, J. & H. Cytheridea perforata, Roemer 
Cythereis ornatissima, Reuss Cytherella ovata, Roemer 
5 3, Var. paupera, J. & H. obovata, J. & H. 
35 » var. nuda, J. & H. es Muensteri, Roemer 
Cytheropteron umbonatum, Will. 3 williamsoniana, Jones 
alatum, Bosquet re » var. granulosa, J. & Hl. 


” ie 
” concentricum, Reuss 
6821 Y 
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Examination of the Residues. 


The results of six analyses of the Chalk of this zone are shown 
on the annexed table, three of which are taken from Dr. Hume's 
‘‘ Chemical and Micro-Mineralogical Researches.” 


While the Dorchester specimen will compare in the amount 
of insoluble material with the zone below, those from Salisbury 
and the Isle of Wight show an increase of fine clay. 


The comparatively large percentage of coarse residue in the 
Salisbury specimen is largely accounted for by the amount of iron 
oxide, but there is also a marked increase in the number of arena- 
ceous Foraminifera. These, as in the Yorkshire specimen of the 
lower zone, were chiefly Ammodiscus and Rhizammina, the former 
also occurring in Dr. Hume’s specimen from the Isle of Wight. 


Detrital Minerals.—The only detrital minerals which occurred 
in this zone were quartz and felspar in small sub-angular and 
angular grains. They seem to vary in quantity, being 
most numerous in the specimens from Dorchester and Norwich. 
In the first mentioned sample a single large grain was cemented 
to a grain of glauconite of similar size; the remainder were small 
particles measuring from .1 mm. to ‘(03 mm. The Norwich 
specimen also contained one grain of considerable size. Dr. Hume 
records the complete absence of detrital minerals in his Isle of 
Wight specimen 

Secondary Minerals.—With the exception of the one grain 
noted above, only a few minute spherules of glauconite occurred. 


Cylindrical lengths of iron oxide—red brown exteriorly, darker 
inside, were found in the residue of the Salisbury specimen, while 
more than half the coarse residue in the specimen from Norwich 
consisted of small masses of porous iron oxide. With the exception 
of one small piece this material was absent in the specimen from 
Dorchester. Dr. Hume notes Limonite in the chalk of this zone 
from the Isle of Wight. 
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340: THE CRETACEOUS ROCKS Of BRITAIN. 
TRIMINGHAM CHALK. ZONE OF OSTREA LUNATA. 


Microscopic Aspects. 


This chalk, a firm earthy limestone, white in colour, but 
streaked in some places with grey veins, is rather mealy to the 
touch, its texture recalling to the mind that of the zones of 
Holaster planus and the base of Micraster cortestudinarium. 

Thin sections show that calcareous particles, which appear to 

be chiefly derived from shells, are extremely abundant in it, and 
these, with Foraminifera, cells, and “spheres,” form at least 50 per 
cent. of the rock. Viewed in the sections these shell-fragments are 
mostly small, but amongst them are to be seen long thin fibrous 
pieces, probably derived from Ostrea lunata and few, if any, suggest 
derivation from Inoceramus. Fragments of the plates, spines, 
-and ossicles of various Echinoderms can be detected, and smallish 
‘pieces of Bryozoa are sometimes cut through. The Foraminifera 
-are chiefly minute Textularians and isolated cells with a 
few Globigerine, larger indefinite forms, and here. and there 
-a large Globigerina ; Spheres also are present. The even texture 
‘of the rock is, however, frequently broken by veins in which coarse 
organic particles, such as fragments of Ostrea lunata, plates, spines, 
or ossicles of Echinoderms, and the larger Foraminifera are 
gathered together. Minute green grains are scattered thinly 
through the rock, and under crossed Nicolls minute mineral 
‘grains can here and there be discerned. 


Examination of Washings. 


This chalk is easily broken up and the coarser particles are 
readily separated by levigation. Examination of the coarser part 
of the material shows that many of the shell-fragments are thin -. 
wafery pieces obviously derived from Ostrea lunata,. others less _ 
numerous, flat or ribbed, are probably derived from Pecten, small 
fragments of Terebratula and also of Rhynchonella- were also 
observed. Inoceramus-prisms are present, but are not numerous. 
Echinoid’ spines and plates were also noted, but ossicles of 
Asteroidea.are not..common... Fragments of Bryozoa are’ fairly 
numerous. No sponge-spicules were seen. Foraminifera are - 
abundant, and among those isolated from the washings the follow- - 
ing species were named by Mr. Chapman :— ; 


Lituola ovata, Marsson Lagena globosa, Montf. sat 
Textularia sagittula, Defrance Nodosaria consobrina, d’Orb. 
Bulimina elegans, Brady “s raphanistrum, J. 

,, var. exilis, Brady Pe Zippei, Reuss 

ie rimosa, Marsson - obliqua, L. 

i Presli, Reuss - 4s pauperata, d’Orb. 


ae pupoides, d'Orb. ; » farcimen, Reuss 
Bolivina sp. (near punctata, d’Orb.) | Flabellina cordata, Reuss 
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Marginulina glabra, d’Orb. . 
Vaginulina legumen, L. 
Cristellaria rotulata, Lam. 


% gaultina, Berth. 
Be planiuscula, Reuss 
Rn gibba, d’Orb. 
Polymorphina gibba, d’Orb. 
Pe communis, d’Orb. 
sp 


99 * 
Ramulina aculeata, Wright 
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Pullenia quinqueloba, Aeuss 
Discorbina globularis, d’Orb. 
Truncatulina ungeriana, d’Orb. 
35 lobatula, W. & J. 
a (Marsson’s figure). 
” Sp. 
Anomalina ammonoides, Reuss 


” Sp. : 
Pulvinulina elegans, d’Orb. 
Rotalia Soldani, d’Orb. 


Globigerina bulloides, d’Orb. +3 sp. (not typical Soldan1). 
Pullenia spheroides, d’Orb. 53 exsculpta, Reuss 


In the two washings made from this chalk the most abundant 
forms were Bulimina pupoides, a Bolivina near punctata (d’Orb), 
Truncatulina lobatula and Rotalia Soldani. Pulvinulina micheli- 
niana and Rotalia exsculpta are comparatively rare. It is reniark- 
able that a deposit containing so much sand should be absolutely 
free from arenaceous Foraminifera. The only form observed in the 
acid residue was a minute silicified Textularian. 4 


Examination of the Residue. 


The percentage of insoluble material in the specimen from 
Trimingham, though considerable, is not larger than that of 
some other specimens of the Upper Chalk, and though it is excéeded 
by two examples from the zone M. cortestudinariwm, and by the 
highest Yorkshire chalks, nevertheless it is among the highest 
of this division. It differs from all others most markedly in the 
character of the coarser residue. This nearly equals in amount 
the coarse residues obtained from the Chalk Rock of Medmenham, 
but instead of glauconite more than one half of it is fine sand, in 
even sized particles; one-fourth consists of porous iron oxide in 
rather large, irregular fragments, and a fifth was glauconite and 
green-grey mud. Amongst the mineral grains Mr. Teall recognises 
quartz, mica, an alkali felspar, microcline, rutile, tourmaline, and 
zircon. None of the grains exceed ‘10 mm., the average being 
‘05 mm. The grains of glauconite are all small and match 
the grains of quartz in size. . 


The sample from Mundesley was sent me by Mr. C. Heid and 
was obtained from the well mentioned on p. 263. It proved 
to be a slightly purer chalk than that obtained from Trim- 
ingham, The amount of the coarse residue was a little 
larger. The quantity of fine sand was nearly the same, but the 
iron-oxide was almost entirely replaced by minute bright spherules 
of Marcasite. No arenaceous Foraminifera were found. 
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THE FINEST MATERIAL OF THE UPPER CHALK. 


As a whole the amorphous material of the Upper Chalk appears 
to be made up almost entirely of the débris of calcareous organisms, 
and if we except the zones of Holaster planus and Micraster cor- 
testudinarium there is a general absence of the larger definite calcite 
crystals which appear to be due to secondary crystallization, and 
to which attention has been drawn in the description of the Lower 
and Middle Chalk. The material which remains suspended in 
water after 20 seconds has elapsed, in washing almost any 
specimen of the Upper Chalk, if mounted in balsam or in 
glycerine and examined with an objective of one-eighth or one- 
tenth of an inch in focus, will be seen to consist of :—(1) Minute, 
irregularly-shaped crystals; (2) flat particles, evidently organic ; 
(3) minute Foraminifera; (4) crystalloids, etc.; and (5) ex- 
tremely minute particles. 

The greater part of the first generally show a fibrous structure, 
and are presumably derived from shells; such particles are 
especially numerous in the mealy chalk of the zones of H. planus 
and M. cortestudinarium, but they may be accompanied and mixed 
with crystals, due to secondary crystallization, from which they can 
hardly be distinguished. Such particles also occur in higher zones, 
and seem to be proportionally abundant to the recognisable shell- 
fragments which can be seen in the rock. Many of the second 
are probably derived from Foraminifera, but it is not possible to 
speak with certainty in the case of a large number of particles. 
Though the secondary formation of calcite crystals is not so evident 
in the Upper Chalk as in the Lower and Middle, a redeposition of 
calcite has taken place on small particles as well as large, frequently 
masking their structure. 

In the zone of Micraster cortestudinarium, where fragments of 
Bryozoa were common, an attempt was made to trace particles to 
this source ; many also of the commoner Foraminifera were lightly 
crushed, and the particles compared with those in the Chalk, but 
in the majority of cases no definite conclusion could be arrived at. 
With the Foraminifera especially this is a different result to a similar 
experiment in the Lower Chalk. It may be noted, however, that 
there were several kinds of particles having a general resemblance 
to each other which frequently recurred, and it is possible that with 
a little more time for investigation their derivation may eventually 
be determined. 

Crystalloids are extremely numerous, especially in all parts of 
the Chalk above the zone of M. cortestudinarium, and a large 
number of the minutest particles are clearly fragments of these 
bodies. No true coccoliths were observed, all the forms being 
merely thin concave discs. Rhabdoliths are rarer than in the 
lower beds of the Chalk. A few stellate forms of crystalloids were 
observed, but nearly all were masked by the accretion of 
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calcite, Gully,* and their condition is almost identical with the 
stellate forms found in a sample of Barbados earth from 
Plumtree. 

Though we have dealt in detail with the larger particles of the 
amorphous matrix, probably half of it consists of minute atoms 
far too small for their derivation to be determined. 


GENERAL SUMMARY. 


From the tables of analyses it will be seen that the chalk of 
the zone of Holaster planus contains the largest amount of 
insoluble matter where it has the aspect of Chalk Rock, and less 
where it is merely a nodular chalk; thus the purest example 
coming from Pinhay, near Lyme Regis, with a residue of 
only +686 per cent. of insoluble material, while those 
from Blandford, and Dover contain but little more insoluble 
matter. There is, however, a larger amount in a specimen from 
the Isle of Wight viz., 1-209 per cent. ‘ 

But along the northern escarpment of the Chalk, with the 
advent of the Chall Rock, the total amount of the insoluble 
residue is much greater; and though this amount decreases 
again northwards, yet in reality the decrease is in the amount 
of clay and not in that of the quartz or glauconite. Thus 
the highest percentage of insoluble material is found in the 
sample of Chalk Rock from Great Barford in Wiltshire, 
2°90 per cent., decreasing to 1°75 per cent. at Medmenham in 
Bucks, to 1°52 per cent. at Luton, and to °881 per cent. at 
Hitchin. But if we consider the relative quantities of the 
chief ingredients they can be tabulated as follows :—~ 


Localities. Clay. | Quartz. |Glauconite| eae 
Barford - 2°71 03 ‘1 05 
Medmenham 117 ‘Ol 40 .| "08" 
Luton - 93 a —_— vase 
Hitchin - 58 ‘047 14 "10 


Passing from the area in which true Chalk Rock occurs and pro- 
gressing to the north-east, the chalk of the zone of H. planus shows 
an increase in the percentage of insoluble argillaceous matter, 
which, slight though it be, is not without significance when viewed 
in the light of analyses of chalk from higher zones. 

Sections of the Chalk Rock show that there must have been 
marked differences in the conditions under which this bed was 
laid down when compared with other beds of ordinary chalk. 
This rock consists of the débris of a variety of calcareous and 
siliceous organisms, embedded in a fine calcareous paste, now in 


* Quart. Journ. Geol. Soe., Vol. xlviii. p. 217 (1892) _ 
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the condition of finely granular calcite, and it would seem there 
was at this horizon a floor or series of floors at the bottom of the 
Cretaceous sea teeming with a life which indicates shallower water. 
The increase in the amount of fine clay with a little sand, together 
with the sharply-marked summit of these floors, suggests current 
action, which, in conjunction with decaying animal matter, has 
its sequel in the formation of glauconite and of nodules of slightly 
phosphatic chalk. 


In the zone of Micraster cortestudinariwm the analyses are 
somewhat irregular, and for the first time one fails to see any 
definite sequence in the results. In two cases (Swanage and 
Medmenham) the percentage of the insoluble ingredients exceeds 
that of the zone below, and another from Blandford nearly equals 
in the amount of insoluble matter a specimen of the Chalk Rock 
from Barford, in Wiltshire. The smallest percentages come from 
examples from the southern and south-eastern counties, while 
that from Yorkshire, though not high in the amount of insoluble 
matter, is not lowest in the series. 


The amount of coarse particles separated from the clay of the 
residues in specimens from this zone is extremely small. Mineral 
grains are most in evidence at the two extremes— Blandford 
_ (Dorset) and Enthorpe (Yorkshire). In the residue of the example 
from the latter locality were many arenaceous foraminifera. Layers 
of hard chalk, very similar in external appearance to the Chalk 
Rock, occur in the zone.. But these beds do not exhibit the striking 
features. of Chalk Rock when seen in thin sections, and they. do 
not appear. to have been laid down under similar condi- 
tions. A feature in many of them is the abundance of sponge 
spicules, the siliceous walls of which have in all cases disappeared 
and are replaced by calcite. It seems possible that the hardening 
of the chalk of these beds may be due to the dissolving of the silica 
of the spicules, giving room and opportunity for bi Suey 
re-crystallisaton of the calcite. 


Compared with the zones below, the results of = analysis of 
samples taken from the zone of Micraster coranguimum are more 
even, and a first glance suggests a generally higher percentage of 
insoluble matter; but this is not so, the average of all the 
analyses of the zone of M. cortestudinarwum giving 1°81 per cent., 
while that of the zone of M. coranguinum is 1-49 per cent. No 
sequence is observable in the results, and there is no special 
feature which attracts attention. The average of the analyses of 
all examples of the chalk of the zone of Marsupites from the 
southern and south-eastern counties shows a continued decrease 
in the insoluble residue, which is now only 1:04 per cent. A 
remarkable feature is, however, the sudden rise in the chalk of 
Yorkshire to 3:12 per cent. As might be expected, this is 
acconipanied by a larger percentage of coarse residue, and by the 
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occurrence of arenaceous Foraminifera, the tests of which form a 
considerable part of it. 


In the succeeding zone of Actinocamaa quadratus this feature 
is still more marked, Yorkshire examples from near Bridlington 
giving a residue of 3°281 per cent., though the average result 
from southern examples of the zone amounts to only ‘682 per. 
cent. of insoluble matter. Continuing the examination with 
the zone of Belemnitella mucronata, we find the average results 
of the analyses give a slight increase in the insoluble material, 
from ‘682 per cent. to ‘975 per cent. Finally, in tbe zone of 
Ostrea lunata it increases to 2°48 per cent. 


The question arises, does this slight general increase above the 
zone of M. coranguinum indicate a general movement of 
re-elevation and a gradual return to shallower water? This 
certainly seems suggested by the final analysis of Trimingham 
and Mundesley Chalk, the residue of which reaches 2°48 per 
cent., and the coarse residue of which contains a quantity of fine 
sand containing many mica flakes. 


In all the zones above the Chalk-Rock up to and including 
that of Bel. mucronata, the amount of coarse residue separated 
from the clay is exceedingly small, and though mineral] grains 
occur in every sample, they are so few in number that they may 
be frequently counted. The greater part almost always consists 
of iron oxide; sometimes this may be oxidised marcasite, but 
it is frequently a porous material, very easily crushed. 


The detrital minerals recognised in the Upper Chalk are very 
similar in character to those of the lower divisions. Mr. Teall 
is of opinion that if a sufficient quantity of material was examined 
the whole of the minerals found in the Lower Chalk would occur 
in the Upper. 


From the foregoing summary of the analyses it will be seen 
that inorganic matter forms a very small part of the Upper Chalk, 
and the rock as a whole consists largely of calcareous materials. 
In the two lowest zones, those of H. planus and M. cortestudi- 
narvm, the rock contains a larger proportion of coarse particles 
than those which succeed them, and we may infer that much of 
the calcareous mud was derived from the disintegration of the 
forms whose traces still remain. 


Besides the fragments of organisms still visibly present there 
were probably many others whose calcareous envelope was built 
up of the less stable form of calcium carbonate, viz., arragonite, 
and the decay of such must have added to the proportion of fine 
mud. Thus the zone of M. cortestudinarwm is specially marked in 
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the southern counties by the presence of numerous fragments of 
Bryozoa, yet we have been unable to recognise in the amorphous 
matrix any particles which could be definitely traced as originating 
from their decay. M. Cayeux* remarks on the part played by 
Bryozoa in the formation of the Chalk. He considers the 
arragonite, which enters largely into their composition, probably 
accounts for the breaking up of these organisms into unrecognis- 
able atoms. 


In the Chalk Rock also there were many Gasteropods, the 
shell of which has entirely disappeared, leaving only an internal 
cast, but in higher zones we do not find even casts (except of 
Pleurotomaria) till we reach the zone of Ostrea lunata. 


The variety in the fragments of calcareous organisms in the 
Chalk Rock has already been alluded to; the chalk of the zone 
of M. cortestudinarwm also contains a large proportion of particles 
of sufficient size to be recognised in thin sections as prisms of 
Inoceramus, fragments of Echinoderms, and pieces of Bryozoa. 
In the three succeeding zones recognisable calcareous particles 
are less numerous, and at least two-thirds of the chalk consists 
of the amorphous matter, which has been more particularly 
described in Volume II. p. 290. 


Prisms of Inoceramus which, as far as the summit of the zone 
of M. cortestudinarium, were common amongst the coarse par- 
ticles, become less numerous, and the shell-fragments which occur 
in the higher zones are chiefly thin flat pieces (sometimes 
with a slight concavity); most of these are plain, and may be 
derived from Ostrea or Plicatula, which are not uncommon 
fossils. Others which are often ribbed are probably derived 
from Pecten, and occasionally fragments of Rhynchonella or 
Terebratula can be recognised. Plates and ossicles of Echinoderms 
occur sparingly. 

The chalk of the zone of Bel. mucronata contains, on the whole, 
a rather larger percentage of shelly fragments; they are practi- 
cally the same as those in the zones below. This increase of 
shell-fragments is still more marked in the zone of 0. lunata. 


Although it is easy to separate a number of Foraminifera from 
any specimen of fairly soft chalk, thin sections show that fully 
grown tests, sufficiently perfect for recognition, form a com- 
paratively small part of the deposit, and no chalk which we have 
seen will compare in the mere number of its Foraminifera with the 
specimens of true Globigerina ooze. Judging from thin sections 
of the Upper Chalk, minute Textularian and nautiloid forms are 
the most prominent, but by far the larger number, which in a 
thin section one refers to Foraminifera, are simple cells or spheres, 


“Contribution a l’Etude Micrographique des Terrains Sedimentaires, 
p. 445, 
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and it is only in the two lowest zones of the Upper Chalk that 
these, with the fully-grown and more perfect forms, are an im- 
portant ingredient of the chalk. In one specimen only are 
Foraminifera, other than cells or spheres, sufficiently abundant 
to merit special notice; this is the chalk of Norwich, of which 
they may be estimated to form about 35 per cent. of the rock. 

The general facies of the foraminiferal fauna exhibits a certain 
amount of change even in the zone of H. planus. Forms which. 
persistently occur in the Lower and Middle Chalk become rare, 
and some of them either do not occur at all or are only met with 
occasionally in the lower zones; while in the higher zones the 
change is still more marked. 

Thus the Globigerine, though fairly numerous in the zone of 
H. planus, are scarce in all the higher zones, and it is only with 
difficulty that any specimen of this genus is found in washings, 
while such as come to hand are as a rule puny examples. M. 
Cayeux* remarks that Globigerinw are quite a secondary and some- 
times an almost negligable quantity in the formation of the Chalk. 

The species peculiarly characteristic of the Upper Chalk is Pulvi- 
nulina micheliniana, and as far as our researches go, it is confined 
to the Upper Chalk, where it is one of the commonest species. 
Another abundant form is Truncatulina ungeriana ; this species 
is recorded from several zones in the Lower and Middle Chalk, but 
is comparatively rare. A third form equally conspicuous is Rotalia 
exsculpta ; it comes in at the upper part of the zone of Micr. 
coranguinum, and thenceforward is abundant. The ubiquitous 
Anomalina ammonoides is also an extremely common form 
through the whole of the Upper Chalk; Rotalia Soldani or 
its variety nitida occurs persistently in every specimen. 

The individual specimens are frequently very fine and robust, 
though whenever one is seen in thin sections the shell seems weak 
and thin. Those which are so well preserved exteriorly are usually 
filled with the amorphous material of the Chalk in a semi-crystalline 
and hard condition, or with calcitic crystals, or the cell walls are 
strengthened by the deposition of calcite. 

“Spheres ” are most abundant in the zone of Holaster planus, 
and form at this horizon an important constituent, of the Chalk ; 
above this zone the number present in different samples varies, 
especially in the zone of M.cortestudinarium ; still higher up they 
decrease, and though present in most examples of the Upper Chalk 
are never a conspicuous feature in thin sections. 

The following list of Foraminifera has been compiled from 
those with which Mr. Chapman has supplied us, and from. the 
lists in his published papers. vi 


*Contribution 4 I’Etude Micrographique des Terrains Sédimentaires, 
p. 455. 
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Nubecularia jonesiana, Chapm. 


3 novorossica, Karrer and 


Sinzow  - 
tibia, Parker & Tonks 


Spiroloculina limbata, d@’Orb. - «+ 
Miliolina agelutinans, dOrb. -  - 
»  Oblonga, Montf.- -  - 


55 seminulum, L. - - 
»  trigonula, Zam. -— - 
»  venusta, Karrer- - 
Rhizammina indivisa, Brady 
3 algeeformis, Brady 
sp. - - - 
Reophax sp. nov.(1)-—- 
» 8p. nov. (2)? - 
Haplophragmium agglutinans, d’ Ge. 


- glomeratum, Brady 


ie irregulare, Roemer 
5 ovatum, Hag. - 
9 sp. nov. (1)- - 


sp. nov. (2) #minata 
Lituola ovata, Marsson - - 


Ammodiscus charoides, P. and J. 
3 centrifuga, Brady 
% incertus, Brady - 
Textularia anceps, Reuss. - = - 
” agglutinans, d’Orb 
i conica, d’Orb. 

_y  coneava, Karrer - 
me decurrens, Chapm. - 
sa globulosa, Hhr. - 
ye » var. striata, hr. 
- prelonga, Reuss 
»  _quadrilatera, Schw. - 
i" -sagittula, Defr. 

Pa serrata, Chapm. 
-turris, d’Orb.  - 
». _-trochus, d’Orb.- — - 


Vernueuilina pygmea, Egger. - - 


: triquetra, Muensi. 


” 
Tritaxia foveolata, Marsson - 
minuta, Marsson 
pyramidata, Reuss 
tricarinata, Reuss - 
sp. nov. - 


spinulosa, Reuss - - 


Zone of 
Holaster planus. 
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FoRAMINIFERA OF THE Upper CHALK—continued. 


: . | 

gE 28 |e 

Oo Pet 2 oa 

E 6 8 a 3 A Ee a 5 2s 3 8 
aa a Be EEILEae. ae Be |RB| g 
33 (28 [sk isa|s [ss les iss] 2 
22/39 25/28] 2 (26188 [82 | 8 
} St iS} e 6 19 s i) 2 
N (vy Ss] N NIN 4 IS] a 
1j/2}/3s]4]56]/6]7] 8] 9 
Tritaxia sp. ce ics) AA eee [oes [esl eset 
Spiroplecta annectens, P. and J. =) 2s) 4) a) eh | eet 
” anceps, Reuss oad eon ee een eee We een (a 
a biformis, P. and J. fee] Be bsae |e Peed pe fe] es 
Gaudryina crassa, Marsson {1l}/-|3/4)5)/-]-]8]- 
on filiformis, Berth. ap) beret een Were) teas eee (rene [eee bese 
4 jonesiana, Wright - oe Feo al eee Gwe ere ieee cle ree 
55 pupoides, d’Orb. -12/3/41f-|-|J-/]s]-—- 
rugosa, d’Orb. —-|2/38/;4/5/-|]7]8]- 
Bulimina affinis, d’Orb. -~-l|2/3lals/6/7/-|]- 
55 brevis, d’Orb. 1/-|31/4/5/6/7/8]- 
” elegans, Brady | ee) bee Die rm ee oe er) 
” » var. exilis, Brady |-|-|-]-|-]-|-|-|] 9 
is murchisoniana, d’Orb. —~/|2/3/4/5/-]7]8]- 
3 Y new var. cP ep sea Jey es, | aed [betel a ae 
- obtusa, d’Orb. 1}/2/8/4/5/6/7/8]- 
a ovata, d’Orb. - Py feed een ee ene onl by a eae bee 
3 obliqua, d’Orb. ae] eed Pelee fe 
4 orbigniana, Reuss Soh oe eel. | SB [aie ee 
Orbignyi, Reuss ee ee eee fe ee a ee 
i pupoides, d’Orb. 1}/2/-!4/-/;-/;-|-]9 
9 Presli, Reuss - -|-]-/|4/5/6];-]-|9 
és polystropha, Reuss a POR ese. ee [Pee | eee epee Jes 
55 rimosa, Marsson -}-]3},—-]-]- -|9 
- subspheerica, Reuss - ee Wee We a ee ee oe 
5 trigona, Chapm. - ea fa] eap—] ala) 7 leys 
+3 variabilis, d’Orb. = - -|-|-|]4]/5/6|]7]/8|- 
Sp. nov. st | See et | eee ie fe [es 
Virgulina schreibersiana, Czjzer. se eee sal een) ea yf) eee ed 
subsquamosa, Lgger cere eg era ea eee (ea cy a fee ee 
Bolivina dilatata, Reuss - - ee ee eee een Geen een Or a ee (ee 
- decorata, Jones - elie | Spe he ese gee 
»» Sp. nov. (near decorata) S| el ede | 6 es lee he 
99 nobilis, Hantken . ae eb ce |e 
- obsoleta, Eley - - =|) 6 eas bos} ol eb 
- punctata, d’Orb. - asl ces | ee. pce Pies he 
‘i sp. nov. (near punctata) -|- ej) eM eee eee orl G) 
5 strigillata, Chapm. - -|-|-|-]-|]-|-|7]-]- 
textilarioides, Reuss- -/|-|—-|-]|-—-|-|]-|7]-|- 
Pleurostomella alternans, Schw. ih=f=)]=)5 b6 lol eps 
o subnodosa, Reuss Sifee. | se] eels Wap ce 
Lagena acuticosta, sea = ose [ea fe] a fe 16 te fy 
3»  globosa, Monif. - ee [as ee Pcl pial eT 
»  @racilis, Will. - - wet eae ace a ce Nees ee ee ae 
striato-punctata, P.and J.-|-|-—-|-|]-|/-|-|7]-|- 
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FoRAMINIFERA OF THE Upper CHALK—continued. 
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Lagena sulcata, Walker and Jacob ef ice | aces ee | es 
» striata, Walker and Boys Sie BE iM sce eae Iino | ee Wes 
Nodosaria aculeata, d’Orb. me |e | es Ao | a) Al 2 
55 (D.) communis d'Orb. Vf Qe [see ee ee fae Fa hes 
is consobrina, d’Orb. 1/2!-/4a4]/5/)-!7]8)]9 
iy filiformis, d’Orb.  - ees | Messi ee tl os We | Coe eat ge Se 
sy farcimen, Feuss - [ie be at ee ee Peeled 
- hispida, d’Orb. ar Ger Paze ll il eae oe ace Mh eat Sept es | ee 
4 (D.) nodosa, d’Orb.  - al ee ee eS eo) tes | 
4 obscura, Reuss - S| se ee ese ee Mite! he eee [ics 
5 obliqua, Zinn. at || ee ae [|| eee 
- oligostegia, Reuss  - ee ifvese lf me eee ici Pts Mace dP geal ae as 
5 (D.) pauperata, d'Orb. -| -—|-|-|-|-|-]|]7]|-]9 
5 paupercula, Reuss Fad || ed ened eee Poesy ae Pen (eg pa 
es perpusilla, Chap. - eee (es ere eri Feel EN Cee = 12 
a polytrema? d’Orb. - a ee ree ee ee eee ne 
3% radicula, Linn. - See ee ices Wa) hee 
9 raphanus, Linn, - -|-—-/-|-/|-—-/-]-|]-]| 8] - 
* raphanistrum, Linn. -|-|-/|-|-|-/|-—-|-|]-|9 
‘ (D.) Roemeri, New.- -|-|-|/-|-|-|-|7/-]- 
” tenuicosta, Reuss - ep iets ee ete ee BS as 
Zippel, Reuss - Se [oe le Jody | ee ae [es dg ticg 
Lingulina carinata, d’Orb.  - ase) [Pee tee hoes || acl ga eee oes 
Frondicularia archiaciana, d'Orb. -|1/!-|}-|-|-/|-| 7/8] - 
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FOoRAMINIFERA OF THE Upprr CaaLtkK—continued. 
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FoRAMINIFERA OF THE Upper CHaLK—continued. 
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CHAPTER XXIII. 
CHEMICAL COMPOSITION OF THE UPPER CHALK. 
A. Tue CHALK-Rock. 


A sample of Chalk-Rock from near Aston Rowant in Oxfordshire 
was sent to Professor J. B. Harrison, the Government Chemist 
of British Guiana, who had kindly consented to make complete 
analyses of this and other samples of Chalk (see Vol. II. pp. 333 
and 527). The result communicated by Professor Harrison was 
as follows :— 


Organic matter,ete. - - - - - = = *40 
Quartz - - - - = = “10 
Colloid silica - - - - - - = . “48 
Combined silica - - - = - 1°54 
~>,|Iron peroxide - - - - e &. & “40 
36 Alumina - 2 2 a Gh & 89 
su) Manganese oxide - - 2 9S ow is “27 
w2 & | Magnesia - = & - = 52 
Potash - - se = 23 
Calcium sulphate - a . "31 
Calcium carbonate - - -— - Ete! 94°94 
Magnesium carbonate - = - a 95 
100° 33 


Traces of phosphoric acid and of soda were found. 


Summarising the above results, they may be re-stated as 
follows in the column (A), a second analysis of a Chalk Rock 
without glauconite (B) from Redbourn Hill, near Urchfont 
(Wilts) being added for comparison. This was analysed at the 
same time but less completely. 


A B 

Calcium carbonate - ee) 94°94 
Magnesium carbonate-  - - -— - - °25 |} 98°35 
Calcium sulphate i - “31 
Silicates - - - - 3°85 ‘60 
Colloid silica - - - + *48 “05 
Quartz mi ee ES oe ee os °10 “70 
Organic matter - ee - + *40 *30 

100°33 | 100°00 
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An analysis of Chalk-Rock from Boxmoor, Hertfordshire, was 
made by Mr. P. G. Sanford, F.C.S., and published in the London 
Geological Field Class Report of Excursions during 1888 (1889, 
page 19). The specimen was dried at 100 cee. C., and gave :— 


Insoluble residue, sand, silica, etc. - =  1°008 
Soluble silica - - - - *128 
Lime - - - - - - - 54°900 
Magnesia -~—- - - °374 
Tron and Alumina (Fe,0, +Al,0,) - - = - *347 
Sulphuricacid -  - - “465 
Phosphorie acid - - - °718 
Carbonic acid - -~ - - - 42°101 

160°031 


This analysis appears to have been carefully made, but Mr. 
Sanford gives the total amount of calcium carbonate as 97°001, 
with *'785 of magnesium carbonate ; this, however, must be on 
the assumption that the phosphoric and sulphuric acids are not. 
combined with lime. On the much more probable assumption 
that they are so combined, the following composition of the sample 
has been calculated by my friend Professor J. B. Harrison, F.GS., 
F.C.S. -— 


Insoluble residue -  - 


: = - 1° 003 

Soluble silica - = - a *128 
Calcium carbonate - - - = 94°750 
Calcium sulphate - : - - 2 *732 
Calcium phosphate - - - - 1°554 
Calcium oxide - - - "732 
Magnesium carbonate : *785 
- Peroxides of iron and alumina - *347 
100°031 


Two analyses of the Chalk Rock of Cambridgeshire were made 
for the Geological Survey in 1880 by Dr. Frankland, F.R.S., and 
were published in the Memoir on the Geology of the Neighbour- 
hood of Cambridge (1881). The samples were obtained from near 
Newmarket, the precise localities not being recorded in that. 
memoir, but, if my recollection is correct, one of them came from 
Westley Waterless. and the other from the pit at Stetchworth. 
The analyses are as follow :-- 


A B 
Moisture at 100 deg. F. - - - °13 *20 
Organic matter - - - - - *32 *31 
Sexquioxide of iron - - - - "64 "69 
Alumina - - 62 "64 
Calcium carbonate - 97°25 98°57 

Magnesium carbonate -  - | trace -- 
Phosphoric anhydride - - "21 “20 
99°17 | 100°61 


6821 Z2 
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How the amount of calcium carbonate in these analyses was 
calculated we do not know, but there can be little doubt that a 
small quantity of the lime was combined with the phosphoric 
anhydride in the form of phosphate of lime. 


B. THE Waite CHALKS. 


Many analyses have been made of the Upper Chalk, including 
samples from many different horizons and localities ; they show 
it to be a remarkably pure calcareous deposit varying very little 
in composition, and almost always containing from 974 to 99 per 
cent. of calcium carbonate. The amount of insoluble siliceous 
matter is seldom over 1 per cent., and the amount of soluble silica 
is always very small, both in the zones which contain many flints 
and in those which contain but few flints. There is, in fact, no 
inverse relation between the abundance of flints and the quantity 
of silica disseminated through the chalk.* This point is well 
brought out by two analyses which Professor J. B. Harrison was 
good enough to have made for me in the laboratory at Georgetown, 
British Guiana, by the method he has devised for separating the 
different siliceous ingredients of such rocks.f The results were as 
below, No. 1 being a sample of chalk with many flints from Great 
Durnford, north of Salisbury, and No. 2 being from the chalk 
of Bishops Down, Salisbury (Marsupites zone with few flints) :— 


“1 2 
Moisture ee “30 “20 
Quartz i! "32 “50 
Clay - - - = -# - | 1°18 “45 
Colloid _ silica - . ee “50 none 


Carbonates of Ime and magnesia 97°70 98° 85 


100°00 | 100°00 


So far as these two analyses go, it would appear that the chalk 
which has most flints has also most disseminated silica, both 
soluble and insoluble. 


Prof. Ch. Barrois has published three analyses of chalk samples 
from the zones of Act. quadratus and of Bel. mucronata in the 
south of England.{ The analyses were made by M. Duvillier in 


* See Geol. Mag., Dec. III, Vol. x. p. 541 (1893). 
t See Quart. Journ Geol. Soc., Vol. xlviii. p. 182 (1982). 
+ Recerches sur le Terr. Crét. Sup., 1876, pp..42 and 100, 
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the laboratory of the Faculté des Sciences at Lille, and are as 
follows :— 


1 2 3 
Clay - - 5 ee el 70 "38 43 
Soluble silica os 8 - oe 10 ‘11 10 
Oxide of iron - - - 08 "54 28 
Phosphate of lime - - - - 08 “18 26 
Carbonate of lime - 2 = =| 98°85 97°99 98°17 
Carbonate of magnesia - - -— - 15 "62 74 

99°96 99°82, _ 


No. 1 is from a quarry in the zone of Act. quadratus near Otter- 
bourn Hampshire. 


No. 2 is from the zone of Bel. mucronata at Studland, Dorset. 


No. 3 is from the indurated beds of the Bel. mucronata zone at 
Corfe Castle, Dorset. 


Four analyses of chalk from the East Quarry on Ashey Down, 
in the Isle of Wight, are given in the Geological Survey Memoir 
on that island (Second Edition, page 255,. Three of these are 
quoted below. 


No. 1 was made at Tennant’s Works, Manchester, in 1874. 
No. 2 was made by Dr. Voelcker in 1875. 
No. 3 was made by Mr. Pattison, of Newcastle-on-Tyne. 


1 2 3 
Carbonate of lime - : - | 98°53 | , 98°04 98°01 
Sulphate of lime — ‘06 
Magnesia - ei ed eed ‘07 94 
Alumina and eid ofiron- ;- - = *44 "21 “60 
Silica ' - - - - - - ‘17 1°28 *40 
Moistur2 - - - “31 “39 “20 


99°45 100° 00 100°21 


Two careful analyses of Upper Chalk were made by Professor 
J.T. Way, and published in 1851;* the first is described as “ Upper 
Soft White Chalk” from near Crondell Church (near Farnham), 
and the second as “ Upper Chalk from a pit about half a mile 
north of the preceding.” They are tabulated below, together with a 
third analysis made by Mr. Grant-Wilson, of the Geological Survey 
of Scotland, of .a sample of chalk enclosed in one of the 
irregular flint-layers in the Upper Chalk of Ormsby, Lincolnshire 
(see page 272). 


* Journ. Roy. Agric. Soc., vol. xii., p. 545. etc. 
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1 2 3 
Water - - i re 7 5 
Sand and siliceous matter, insoluble in acids | 1°46 *87 1°37 ¢ 
Carbonic acid -  - - + 42°48 42°57 42°35 
Sulphuric acid -— - -  - = =] none “09 “05 
Phosphoric acid - 104 | *08 — 
Lime , - - | 55°72 55°18: 53°91 
Magnesia - - °06 “30 |. *18 
Potash - - - - - ‘17 “22, —_— 
Soda -— - - "02 “O21 _- 
Oxide of ironand Alumina -~— - 1°05 “40 "43 
100°00 99°92 99°04 


If the amount of carbonate of lime in these chalks is calculated 
from the ascertained amounts of carbonic acid in each they have 
only between 96 and 97 per cent., and the first one seems to have 
a slight excess of lime, possibly present as a silicate. ; 


The following are analyses of three pure white chalks :— 


No. 1. Being a sampie from Shoreham, Sussex ; probably zone 
of Actinocamaz quadratus, analysed by Professor D. Forbes (see 
Quart. Journ. Geol. Soc., Vol. xxvii. p. 49). 


No. 2. A sample from Driffield, Yorkshire (Marsupites zone), 
analysed by Mr. Th. Hodgson, of Bradford (see Quart. Journ. 
Geol. Soc., Vol. xxxi. p. 112). I have recalculated this, as the 
original analysis shows 5:20 per cent. of moisture. 

No. 3. A sample from the large quarry at Cliffe, in Kent (pos- 
sibly in the zone of Act. quadratus). This analysis was published 
by Mr. Whitaker in Vol. iv. of the Geological Survey Memoirs, p. 15. 


_ 1 2 3 

Carbonate of lime - ~ -| 98°40] 98:41 | 98752 
Carbonate of Magnesia - - ‘08 “16 "29 
Sulphate of lime . = _ 14 
Oxide of iron and alumina - + “42 "29. *40 
Silica - - - 1°10 1°21 65 

100° 00 |: 100°00 100° 00 

wee 


The following is an analysis of one of the seams-of grey marly 
clay which occur in the Upper Chalk of Driffield, in Yorkshire. 
This sample was taken from a well dug in Driffield in 1873; it 
was analysed by Mr. Thomas Hodgson, of Undercliffe, Bradford, 
and published in a paper by Mr. R. Mortimer (Quart. Journ. Geol. 
Soc., Vol. xxxi. p. 114). The first column gives the analysis as 
published, but as over 12 per cent. of moisture was left in the 
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sample before analysis, I have recalculated the composition which 
the material would have if the moisture had been driven off ; 
this is given in the second column. 


Moisture - = 2 = - 2 12°15 —_ 
Organic matter and combined water - - -~ - 1°67 1°90 
Carbonate of lime - - - - - -~ - | 33°40 38°02 
Carbonate of magnesia - - - - - - *50 *56 
Oxide of iron - - - - - += + -| 7°05 8°02 
Alumina - 2+ - - 2 = | 10°23 11°63 
Alkaline salts - - - = - “20 *22 
Silica : : - 34°80 39°60 
100°00 |, 99°95 


An analysis of the sandy bed in the chalk bluff at Trimingham, 
Norfolk (see p. 262), was made for me by my colleague, Mr. Grant- 
Wilson, in 1885, with the following result :— 


Carbonic acid - - - - - - 42°04 
Sulphuric acid -  - - - - - - °36 
Lime - - - - - * - - 61°99 
Magnesia - - - - - “61 
Alumina - - - : - - - *39 
Protoxide of iron - - - - - - - “77 
Residue insoluble in HCl. - - - - - 2°86 

99°02, 


In this analysis the amount of lime and magnesia found is 
not quite sufficient to combine with the whole of the carbonic 
acid. The iron may be in the state of a sulphide. 


Partial analyses of many ne of Upper Chalk have been 
made by Mr. W. Hill, and have been given in tabular form in 
Chap. XXIT. 


C. FLInts. 


A flint is not generally a concretion of similar aspect and com- 
position throughout its mass. It is true that in some parts of the 
Chalk there are flints which consist of solid, translucent chalce- 
donic silica from the centre to the circumference, but as a rule 
there is an outer crust or rind of varying thickness, which is gen- 
erally white and opaque, but is sometimes stained yellow or pink 
on the outside. 


This white crust varies much in its degree of hardness; some- 
times it is as dense and hard asthe interior of the flint ; sometimes 
itis comparatively soft and granular or loosely coherent, so that 
much of it can be broken away from. the outside of the nodule ; 
in other cases it is composed of two or three layers, one of which 
is often more chalcedonic than the others. 
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The white crust also varies much in thickness, from a mere thin 
rind or cortex about an eighth of an inch thick to a thick encrust- 
ing envelope from half to three-quarters of an inch thick, according 
to the size of the flinty nodule. Occasionally, moreover, nodules 
are found which consist almost entirely of such white material, 
with only a small nucleus of translucent flint in the centre. 


The varying density of this white portion of a flint nodule 
appears to depend on the amount of silicification which it has under- 
gone. In some of them there is a good deal of chalk, and I think 
this is generally the case with the softer varieties, but more 
experiments are needed to confirm this supposition. So far as I 
know, only one complete analysis of the outer crust of a flint has 
yet been made, and this was the crust of a flint from the Chalk 
of Lincolnshire, taken from a pit near Cadeby House, north of 
Louth. The analysis was made by Mr. M. Staniland,* and is as 
follows :— 


Analysis of the Crust of a flint from Cadeby, Lines. 


Insoluble portion : 


Silica - = ¥ + * = 45°12 
Alumina (by difference) - - = "76 
Peroxide of iron - 2 - - "67 
Lime - - trace ——-46'55 
Soluble portion : 
Moisture - - - - - - 1:06 
Carbonic acid - > - = 29°65 
. Lime - - - - - - 27°88 
Peroxide of iron - - - - - 173 
Alumina and Magnesia - - - traces 53°32 
99°87 


It should be mentioned, however, that Mr. Staniland, finding 
there were visible pieces of chalcedonic silica scattered through the 
material, sifted these out after gently crushing the whole, and his 
analysis is that of the residue after the separation of the greater part 
of the pure silica. Consequently, the real proportion of the silica 
to lime in the sample was not ascertained, but must have been 
very much greater than is shown by the analysis of the residue. 
In this residue it appears to be about 44 to 50, but in the bulk of 
the sample it is more likely to have been as 60 to 30. 


All, therefore, that we can infer from this analysis is that there 
was a considerable amount of calcium carbonate (chalk) present 
in the flint-crust ; but in the case of another flint-crust tested for 
me by Professor J. B. Harrison, only ‘253 of lime was found, 
this sample consisting almost entirely of pure silica. 


* See Geology of East Lincolnshire, Mem. Geol. Survey, 1887, p. 40. 
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CHAPTER XXIV. 


BATHYMETRICAL CONDITIONS DURING THE 
FORMATION OF UPPER CHALK. 


In the British Isles there is small evidence on which to base 
any conception of the actual geography of the region during the 
formation of the Upper Chalk, and we shall not attempt any such 
restoration. There are, however, several lines of evidence which 
afford concurrent testimony for the conclusion that the period 
was ushered in by a movement of elevation, followed by a pro- 
longed movement of subsidence ; while in the highest beds there 
is some evidence of that final upheaval which brought the 
Cretaceous period to a close. 


1, Elevation. 


The chief facts presented by the Chalk-Rock beds which indicate 
a general upheaval of the British area were noticed by me in 1892.* 
They are the reappearance of Gasteropoda, the recurrence of 
glauconite grains in considerable quantity, and the existence of 
phosphatic nodules. Referring to these facts, I remarked, ‘‘ This 
sudden recurrence of peculiarities which characterise the Chalk 
Marl and Totternhoe Stone, associated with a fauna of similar 
character, compels us to conclude that the sea had again become 
shallower by the rise of a part of its floor.” In 1894 Dr. W. F. 
Hume reviewed the same facts and came to the same conclusion.t 

Since these dates some further evidence of upheaval and its 
results has been obtained, and in marshalling the facts for the 
present statement of the case it will be convenient to group them 
under three heads—(1) the stratigraphical facts, (2) the litho- 
logical evidence, and (3) the zoological evidence. 

Stratigraphical Evidence.—The principal evidence of this nature 
is found in Ireland and in France. In Ireland there is nothing 
which can properly be regarded as equivalent to the zone of Holaster 
planus. The base of the Upper Chalk in Antrim appears to con- 
sist of sandy glauconitic limestones, containing Mchinocorys scu- 
tatus, Spondylus spinosus, Terebratula carnea, Rhynchonella 
limbata, and some other fossils ; but these do not include Holaster 
planus. 


* Building of the British Isles, Second Edition, p. 264. 
+ Proc. Geol. Assoc., Vol. xiii. p. 234. 
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By Professor Barrois these sandy beds were regarded as a con- 
densed equivalent of the zones of Terebratulina gracilis and 
Holaster planus, but the evidence for this is weak. Dr. Hume is 
doubtful whether any part of the Irish series represents the English 
zones of Rhynch. Cuviert and Terebratulina.* He admits a break 
and unconformity in some places between the sandy limestones 
and the yellow (Cenomanian) sandstone below, but he discovered 
casts of a Micraster, which he identified as M.breviporusin theformer, 
and he remarks upon the resemblance which some of the Irish 
fossils bear to those of the English Chalk Rock. This resemblance, 
however, seems to be more general than particular. Micr. brevi- 
porus, if correctly identified, is doubtless a low zonal species, but 
the other two mentioned (Spondylus spinosus and Ostrea semi- 
plana) are just as abundant in the higher zones as in the lower. 
Professor Barrois recorded Echinoconus subrotundus from these 
beds, but Dr. Hume found only Ech. conicus, which is not common 
in England below the M. coranguinum zone. The same may be 
said of Rhynchonella limbata. pete ; 

Having regard to the physical break and to. the small thickness 
of the Chloritic Chalk which separates the sandy beds from the 
White Chalk of the Marsupites zone, I am inclined to take the view 
that not only the zone of Holaster planus, but also the whole or 
greater part of the M. cortestudinariwm zone, is absent in Ireland. 
It seems to me very probable that the Inoceramus beds, with the 
Rhynchonella band at their base, correspond to the lower part of 
our M. coranguinum zone, the presence of species of Catopygus 
and Pseudodiadema being due to the shallowness of the water and 
the neighbourhood of land. t 

Turning now to France, and glancing first at Touraine (see 
p- 299), we find there a complete succession through the 
Turonian and Lower Senonian, the component members of which 
M. de Grossouvre has recently been able to correlate with the 
norm] succession in Normandy. It is evident from his des- 
cription that the beds which there represent the zones of Tere- 
bratulina. Holaster planus, and Micraster cortestudinarium 
are all of a comparatively shallow water character, while the 
overlying zones show a gradual passage through glauconitic marls 
and nodular chalk into a siliceous chalk with many flints.. Near 
Tours the lower beds consist of glaticonitic marls and hard sandy 
limestones, containing many Bryozoa and Oysters, the highest of 
the hard beds exhibiting an irregular eroded surface, often covered 
with green matter. On this rests a white chalk, rather hard and 
rough, but forming such a contrast to the beds below that the line 

* Quart. Journ. Geol. Soc. Vol. liii. p. 595 and table opp. p. 568. 

+ Catopygus elongatus, Desor, occurs not unfrequently with Micraster 
turonensis in the middle part of the craie de Villedieuw in Touraine, which 
is regarded by M. de Grossouvre as equivalent to the lower part of the 


M.coranguinum zone. See Bull. Soc. Geol. France, Serr. 3, Tom. xvii. 
p. 506 (1889.) 
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of contact can easily: be followed in the slopes of the railway 
cuttings as the traveller passes by train between Chenonceaux 
and. Bléréla-Croix. This chalk is believed to belong either to 
the zone of Marsupites or to that of Act. quadratus. 


Again in the Cotentin, (Normandy) there is the remarkable 
outlier where a limestone containing Belemnitella mucronata 
rests upon sands which may be of Cenomanian or Lower 
Turonian age, with an entire absence of anything to represent 
the Upper Turonian or Lower Senonian. 


In the north-east of France there is no such great break, but in 
the neighbourhood of Lille, Valenciennes, and Solesmes the zones 
of Holaster planus and Micraster cortestudinarium are reduced 
to a small thickness (see p. 291), the zone of H. planus near Lille 
being only represented by a glauconitic limestone which varies 
in thickness from 6 to 13 feet. 


If at this epoch of the zone of Hol. planus subsidence was arrested 
and a reverse movement of elevation took place, some important 
physical changes must have been produced,-and the set and strength 
of the marine currents must have been affected. It is not sur- 
prising, therefore, that the Chalk Rock should frequently exhibit 
appearances which seem to indicate the temporary arrestment of 
deposition with a certain amount of current action. Through- 
out the southern and central parts of England it repeatedly happens 
that the harder beds are hardest at the top, terminating in clearly- 
marked surfaces, and it is with these surfaces that the layers of 
green-coated nodules are generally associated, the nodules being 
either embedded in the indurated rock or resting upon its 
surface. 


I agree with Dr. Hume in regarding these facts as the effects 
of a bottom current which was frequently strong enough to 
interrupt the deposition of chalky material, and this current 
must have carried the products of decomposing animal matter 
from some coastal region to the area where the rocky beds. were 
being formed. The nodules are, however, only slightly phosphatic, 
so that the coast line was probably at a considerable distance. 


Lithological Evidence.—This consists partly in the recurrence 
of the glauconitic grains, often in fairly large quantity, and partly 
in the larger size of the quartz-grains which occur in the chalk 
of the Holaster planus zone. 


It is also a fact that the total average amount of insoluble residue, 
as well as the proportion of coarse residue, is greater in this zone 
than in that of Terebratulina, but this may possibly 
be explained on the assumption that the rate of accumulation 
was less in the one zone than in the other. It is obvious that if 
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deposition of chalky material was slower, while the quantity 
of extraneous siliceous matter brought in a given time remained 
the same, a given bulk of chalk would contain a larger proportion 
of such siliceous matter. We shall not therefore lay stress on the 
greater total amounts of insoluble material, but rather on the 
larger size of the grains, and on the presence of glauconite. 

Mr. Hill finds that the greater part of the insoluble residue 
obtained from the samples he examined consisted of glauconite 
grains, these sometimes forming 70 per cent. of such residue 
(see p. 315). In respect of size they are mostly small, but some 
range from ‘3 to’6 mm. indiameter. The occurrence of glauconite, 
often in sufficient quantity to give the rock a finely speckled appear- 
ance, is very suggestive of a recurrence to something like the 
bathymetrical conditions which prevailed in the time of the Lower 
Chalk, and these could hardly have been restored in any other 
way than by a general uplift of the region. 

Although particles of detrital minerals are not abundant, quartz, 
felspar, and tourmaline have been observed, and though the 
quartz is usually in the condition of very fine sand, yet large grains 
occur in some places. The most notable instance is in the bed 
of quartziferous Chalk at Rew Farm, near Dorchester, where 
the grains range up to a size of 2 mm.; but in the Isle of Wight 
a single grain of -72 was found. 

It is noticeable that in the Isle of Wight a bed which exhibits 
the lithological characters of the Chalk Rock occurs near the top of 
the Terebratulina zone, showing that conditions favourable to 
the formation of such rock began to make themselves felt at that 
time. In asample from this bed Dr. Hume found a coarse residue 
of ‘048 per cent., “ consisting almost entirely of glauconite grains 
and small particles of angular and rounded quartz.” Augite, 
hornblende, and tourmaline were also observed. 


Zoological evidence.— Writing in 1892, I: remarked “ that 
the Chalk Rock has every appearance of having been formed in 
much shallower water. Fossils are often abundant, Gasteropoda 
are not uncommon, and include such genera as Turbo, Cerithium, 
Avellana, Aporrhais, Natica, Crepidula, and Emarginula, the 
modern representatives of which do not live in deep water, some not 
ranging below 100 fathoms, and none lower than 150 fathoms.” * 
This statement, however, requires some modification, for though 
most of the species belonging to these genera do live in less than 
100 fathoms, yet if Cerithiopsis is read for Cerithium all have 
recent species which exist at depths of over 600 fathoms. When, 
however, the fauna of the Chalk Rock is contrasted with that 
of the Terebratulina zone and compared with that of the Totternhoe 
Stone or Chalk Marl, the contrast to the one and the resemblance 
to the other are very suggestive of a lessened depth of water. 


* Building of the British Isles, London, 1892, Second Edition, p. 264. 
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Dr. W. F. Hume,writing in 1895,*came to the same conclusion. 
He: remarks on the recurrence of the genus Holaster, which 
disappears for a time in the Middle Chalk, only again becoming 
common in and just below the Chalk Rock. He also notices 
the return of Cephalopoda (Ammonites, Scaphites, Heteroceras 
and Hamites) as suggestive in this connection, and as recalling 
the abundance of these genera in the Lower Chalk. 

Still later Mr. H. Woods discussed the Mollusca of the 
Chalk Rock,t and from his paper I quote the following passage : 
“That the fauna of the reussianwm zone lived in water of less 
depth than the faunas of the other Turonian and Senonian zones 
will, I think, scarcely be disputed. The Chalk Rock is very thin 
generally, yet fossils are more numerous specifically and far more 
abundant generally than in the other zones. It is well known 
that at the present day we find a similar difference in passing 
from comparatively shallow water to greater depths ; the number 
of species as well as the number of individuals living on the sea 
bottom diminishes considerably .... The relative richness of 
the fauna of the reussianum zone cannot be accounted for by any 
difference in the nature of the sea-bottom, since in its original 
soft state the chalk-ooze must have been, so far as animal life 
was concerned, uniform in character throughout the Chalk 
period. We can therefore only conclude that the change in the 
fauna was caused by a decrease in depth ; and since the change 
is so marked the decrease was probably considerable.” 

He further remarks (op cit., p. 400) that “in discussing the 
question of depth from the evidence supplied by the genera of 
Mollusca which have living representatives, we must consider 
three main points :—(1) The genera which have a limited bathy- 
metrical range; (2) the depths at which the other genera are 
most numerous; (3) the relative abundance of the genera in the 
reussianum zone itself.” He divides the genera into five groups, 
but the limit of range which he assigns to the first group is not 
correct, and some of the genera in his other groups are now known 
to have a greater range. I would also exclude the genera Martesia 
and Turbo (sensu restricto) from consideration. Martesia is a 
kind of Pholas, which bores in wood, and floating wood containing 
it might sink in any depth of water. Turbo as a fossil is indis- 
tinguishable from Trochus and Calliostoma. I think, therefore, 
the Chalk Rock genera may be arranged in three groups instead 
of in five, as follows :— 


(1) Genera not now living below 300 fathoms. Pleurotomaria, 
a genus on the verge of extinction, and of which recent 
specimens have only been dredged from between 73 and 
200 fathoms. Cyprina, which ranges to about 180 fathoms. 


* Natural Science, Vol. vii. p. 390. 
t Quart. Journ. Geol. Soc., Vol. liii. p. 398 (1897). 
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Ostrea, ranging to 277 fathoms off Marseilles (Locard.) 
Plicatula and Trapezium the range of which I have been 
unable to ascertain exactly, but Plicatula is said not to 
range below 100 fathoms; both are certainly now shallow 
water forms, whatever they may have been in Cretaceous 
time. 

(2) Genera which now range to over 400 fathoms, but are not 
found beyond 800. These are Crepidula, Emarginula, 
Turbo (Gf present), Cardwm, Cardita, Pecten, and 
Spondylus. The first two range to over 450 fathoms on 
American coasts. Cardita goes to 500 fathoms and 
Spondylus to 640 in the Bay of Biscay. 

(3) Genera which have representatives ranging to 1,000 fathoms 
or more:—Avporrhais, Cerithiopsis, Dentaliwm, Natica, 
Trochus, Arca, Limopsis, Nucula, Nuculana, Lima, 
Modiola, and Cuspidaria. 


The genera which are most frequently met with as fossils in the 
Chalk Rock are Aporrhais, Cerithium (? Cerithtopsis), Trochus, 
Turbo, Pleurotomaria, Trapezium, Pecten, and Spondylus. 
Of these it will be seen that six range to over 600 fathoms, 
and that the only genus at present confined to shallow water is 
Trapezium. Apropos of this and the genus Plicatula, it must 
be remembered that none of the species survive to the present 
day, and that there is no reason why the Cretaceous species should 
not have ranged into deep water. Referring to modern deep-sea 
forms, Mr. E. A. Smith has remarked that they do not present 
any very spécial characters, and that in many cases “the same 
species is equally well adapted for living in deep or shallow water, 
and as far as our observations have reached, the shells. appear 
to be very little affected by the difference of the depth or the nature 
of the bottom.’ * 

Mr. Woods puts the depth of water below which the Chalk Rock 
was formed as somewhere between 100 and 500 fathoms. He 
points out that if it had been less than 100 the genera 
would almost certainly have been represented by a larger number 
of species, for though there are a number of genera each genus 
is only represented by one or two, at most three, species ; and that 
if it had been more than 500 fathoms: the number of individuals 
would have been less. I am quite prepared to accept this con- 
clusion, but think it unlikely on general grounds that the water 
was less than 300 fathoms deep. 

Little can be learnt from the Brachiopoda or the Echinodermata 
of the Challx Rock, as it does not contain any special forms, and 
the Bryozoa have not yet been worked out. 

The Foraminifera furnish better evidence, especially as many 
of the species have survived to the present day. In the lists given on 


* Challenger Exp. Report on the Lamellibranchiata, Vol. xiii. p. 5. 
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p. 349 to 353 there are no fewer than twenty-five species recognised 
by Mr. Chapman as occurring in the zones of Hol. planus 
and M. cortestudinarium which do not recur in the higher zones, 
if we disregard the exceptional deposits of the Taplow phosphatic 
Chalk and the Trimmingham Chalk. Of these twenty-five species 
fifteen survive to the present day; eight of these are species of 
great bathymetrical range, but the other seven are more restricted. 
They are :— 


Miliolina agglutinans, essentially a shallow -water species, 
and is not found below 440 fathoms. 

Gaudryina filiformis, which ranges from shallow water to 
moderate depths, 620 fathoms being its extreme range. 

Spiroplecta annectens, recent specimens have only been found 
at two localities (140 and 155 fathoms). 

Bulvmina polystropha, a decidedly shallow water form seldom 
found beyond 50 fathoms. 

Cristellaria tricarinella, only found living at one locality 
in Torres Straits (95 to 155 fathoms). 

Truncatulina culter has a range from 580 to 1,500 fathoms. 

Discorbina Berthelott occurs chiefly at depths of less than 
500 fathoms, though does range into deep water. 


Two species of Frondicularia also occur, and the modern species 
of this genus are found chiefly between 80 and 600 fathoms, and 
are rare at greater depths. As to Truncatulina culter, it is, of 
course, very probable that it lives in less than 580 fathoms, though 
not dredged in less by the Challenger Expedition. The evidence 
of the Foraminifera therefore tends to confirm that of the Mollusca 
that the zones of H. planus and M. cortestudinariuwm were formed 
in less than 500 fathoms. 


“®& ‘Subsidence. 


‘We have next to deal with the zones which overlie that of 
Holaster planus, and form the mass of the Upper Chalk. The 
zone of Micraster cortestudinarium may be looked upon as a zone 
of passage between that of H. planus and that of M. coranguinum. 
In. its lithic characters most of it resembles the chalk of the H. 
planus zone, but the quartz-grains are always very small, and 
glauconite grains are rare or absent. Cephalopoda and Gasteropoda 
are rare, and it is evident that during its formation the conditions 
which led to the formation of beds like the Chalk Rock were 
gradually passing away. 

Coming, then, at once to the consideration of the central zones 
of the Upper Chalk, those of M. coranguinum, Marsupites, and 
Act. quadratus, we find them presenting a great contrast to the 
lower beds, and affording evidence that can only be interpreted 
as indicative of renewed subsidence. 
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Stratigraphical Evidence.—In England the M. coranguimum zone 
everywhere presents the appearance of having been quietly and 
continuously accumulated in water that was seldom disturbed by 
bottom-currents. The chalk is very seldom of a nodular cha- 
racter, and no layers of green-coated nodules have yet been observed 
except at or above its summit in the Isle of Wight. In Ireland, 
where there is such a great break in the continuity of the 
series, sedimentation was recommenced at this epoch, but there 
the chalk of this zone is sandy and glauconitic, owing to the 
proximity of land, and it was not till the time of the Marsupites 
zone that pure white chalk came to be formed in Antrim. ‘The 
lower beds of the Inoceramus zone are limited to the centre of this 
(eastern) division, but the higher ones overlap the older strata 
both to the south and north, invading the central area on the 
one hand and extending to Carnlough on the other.’ * This 
overlap and change from calcareous sand to glauconitic chalk, 
and then to pure white chalk, seems to indicate a considerable 
and extensive subsidence, carrying back the coastlines and 
deepening the water to such an extent that for the first time in 
the history of the Cretaceous period a deposit of pure chalk-ooze 
was accumulated in the Antrim basin. 

Lithological Evidence.—In these zones the quantity of mineral] 
detritus in the residues examined by Mr. Hill is at a minimum. 
In the M. coranguinum zone the average amount of insoluble residue 
is only 1°72, and the greater part of such residue consists of fine 
clay and ferruginous matter. With a single exception the amount 
of coarse residue varies from ‘005 to ‘036, the exception being in 
Yorkshire (Kirk Ella), where it amounts to ‘105, but this is due 
to the presence of silicified shell-fragments, and not to detrital 
minerals. In other cases most of the coarse residue consists either 
of arenaceous Foraminifera or of small lumps of porous oxide 
of iron. A few minute grains of quartz generally occur in the 
residue, but so few that they can always be easily counted, and 
their average size is only 13 mm., none larger than ‘46 being 
seen. 

In the zone of Marsupites the coarse residues exhibit similar cha- 
racters; in amount they vary from ‘003 to ‘02, and the average 
size of the grains is only ‘07, the maximum size being ‘19. 

The same is the case in the zone of Act. quadratus, samples 
from the south of England all having lesa than 1 per cent. of 
insoluble residue, the coarser part varying from ‘001 to 05. A 
few minute quartz-granules are generally present, their average 
size being ‘08 mm. 

Only in Yorkshire are the total residues larger than elsewhere, 
and this is due to a larger proportion of fine clay in the flintless 
chalk of the zones of Marsupites and Act. quadratus. 


* W. F. Hume on the Cretaceous Strata of County Antrim, Quart. 
ourn. Geol. Soc., Vol. liti. p. 601 (1897). 
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Such lithic characters as those above mentioned are comparable 
to those of recent oceanic deposits formed at a great distance from 
land, and in which the quartz-grains are merely quartz-dust 
originating over some dry tract of land and blown out to sea 
during dust storms. One point may here be noticed, and that is 
the absence of even the minutest fragments of volcanic minerals 
in the chalk of these zones. In this respect it differs from almost 
all samples of modern Globigerina ooze, in which volcanic débris 
is almost always found. The Upper Chalk is, in fact, a more 
purely calcareous deposit than any modern calcareous ooze, and we 
may infer that no active volcanoes existed at this time anywhere 
in the region of Northern Europe or of the Northern Atlantic. 


Zoological Evidence.~The Molluscan fauna of this part of the 
Upper Chalk (zones of M. coranguinum, Marsupites, and Actino- 
camaz quadratus) has a character of its own which is not with- 
out its significance. In the first place, Gasteropoda are of very 
rare occurrence; of all those found in the Chalk Rock only 
Pleurotomaria survives, and the only other yet discovered in 
England is Hipponyxz Divoni. Even the lamellibranchiate fauna 
is not a large one, so far as. genera are concerned, though indi- 
viduals are often abundant. The principal genera are Avicula 
(2 or 3 species), Inoceramus (8 species), Lima (4 species), Septifer 
(1species), Ostrea (10 species), Pecten (‘7 species), Neithea (2 species), 
Pinna (1 species), Spondylus (5 species). It will be noticed that all 
these are genera belonging to the allied families of Ostreide, 
Pectinide, Mytilide and Aviculide; also that, with the excep- 
tion of Inoceramus, Ostrea, and Pécten, none are represented 
by many species. 

The rarity of dimyarian genera is remarkable, for in the deep 
waters of modern oceans they are at least as common as the Mono- 
myaria, the principal modern genera being Callocardia, Ceto- 
concha, Cuspidaria, Lyonsiella, Abra, Verticordia, Mvocardia, 
Nucula, Nuculana, and Arca. The absence of some of these genera 
may perhaps be accounted for by the fact that the shells of the 
first five above named are so thin that in all probability they would 
not long remain undissolved on the ocean floor, and thus would 
not be likely to occur as fossils in a deposit which had been formed 
at a great depth (600 fathoms or more). Verticordia and Mio- 
cardia, which have fairly thick shells, may not then have existed, 
since they are only known as fossils in Tertiary deposits. 

Nuculana, Nucula and Arca, however, certainly existed in the 
Cretaceous period, and their absence is not so easily accounted for : 
it may well be, however, that their shells are less durable and 
less resistant to solvents than thos» of Ostrea, Pecten, Pinna, and 
allied genera. To test this possibility I have made a rough experi- 
ment with single valves of recent Nuculana and Pecten. Valves 
were chosen of nearly equal weight, and each was put in an egg- 
cup with an equal quantity of water to which five drops of strong 
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hydrochloric acid was added. The Nuculana was completely 
dissolved in the course of ten minutes, while the Pecten retained 
its shape at the end of twenty minutes, just broke when touched 
at the end of twenty-five minutes and was not wholly dissolved at 
the end of fifty minutes. This result was so suggestive that 
another trial was made but in this the difference was less. 

' When, however, we remember that both Arca and Nucula 
are not uncommon in the Chalk Rock, their absence in the higher 
zones seems most reasonably accounted for by disintegration 
previous to complete embedment ; if it had taken place subse- 
quently casts would have been left, as in the Chalk Rock. 

I conclude, therefore, that we must not regard the fossil fauna 
of the zones of M. coranguinwm, Marsupites, and Act. quadratus 
as presenting us with a complete assemblage of the Molluscan 
‘life then living on the ocean floor, but rather as being only those 
shells which, by reason of their strong calcitic structure, were 
enabled to resist the disintegrating influences operating at such 
depths. 

We may next consider the Bryozoa, which have been invoked 
by M. Cayeux as forbidding us to consider any part of the Chalk 
as a deep-water formation.* He has attempted to compare the 
bryozoan genera of the Upper Chalk of France with those of 
the modern genera recorded by Mr. Busk in his monograph of 
the Challenger material. The French Bryozoa referred: to by 
M. Cayeux came chiefly from the zones of M. coranguinum and 
Bel. mucronata and of the genera enumerated only sixteen are 
mentioned in Mr. Busk’s monograph. Of these genera nine 
now live at depths of less than 150 fathoms, while seven have 
species which exist only in greater depths, but the number of 
deep water species is less than the number of those which are 
‘restricted to shallower water (within 150 fathoms). He con- 
siders this evidence to be sufficient indication that the Chalk was 
not formed in deep water; and he further points out (p. 500) 
that, this being so, the Echinoderms, which so often bear Bryozoa 
on their tests, cannot be cited as indicating any great depth of 
water. 

In this argument there are two weak points: (1) His data 
are obtained chiefly from two zones only, to the exclusion of the 
others, and yet he draws conclusions as to the Upper Chalk as 
‘a whole. (2) The generic nomenclature of the Bryozoa is at 
present in such confusion that no such comparison can be relied 
upon until the nomenclature has been revised. 

Knowing that Dr. J. W. Gregory was engaged upon such a 
revision of the fossil Cretaceous Bryozoa, I asked him if he could 
express an opinion on the question, and he replies as follows: 
“The Bryozoa of the zones of Hol. planus and Micr. cortestudi- 
narium might have lived at a depth of 100 fathoms, or of as much 


* Contributions & 1’Etude Micrographique des Terr. Sed., 1897, p. 501. 
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as 600 fathoms, possibly even rather more, but there are other 
zones in the Chalk in which Bryozoa are rare, and these were 
probably formed in deeper water than the cortestudinariwm zone.” 

The last remark is significant, especially when the relative 
abundance of Bryozoa in different parts of the Upper Chalk is 
considered. Théy are very abundant in the zone of M. cortes- 
tudinarium and in the lower part of the M. coranguinum zone. 
With respect to the other two zones I have consulted Dr. A. Rowe, 
of Margate, who has paid special attention to the Bryozoa and 
their distribution; he informs me that in the zone of Marsupites 
they are sometimes fairly common, but in other localities they 
are rare, that the zone of Act. quadratus is generally rich in them, 
but not invariably so. With regard to the zone of Bel. mucronata, 
the evidence at present available tends to show that its lower 
part is not very rich in Bryozoa; whether the higher part is 
richer has not been definitely ascertained butin the Trimingham 
chalk they are certainly abundant, 

It will be seen, therefore, that the testimony of the Bryozoa, 
so far as it goes, is strongly suggestive of a gradual subsidence, 
culminating in the zone of Marsupites when the depth of water was 
greatest and consequently least favourable to abundant bryozoan 
life; and, further, that there was subsequently a recovery from 
this subsidence, till the water was sufficiently shallowed to be 
once more favourable to their existence. 

The only other class of animals which seem likely to afford 
evidence on the question before us is that of the Foraminifera. 
Referring to the list of Upper Chalk species given on p. 349, it 
will be found that Mr. Chapman has determined 88 species from 
the zones we are now discussing.* Of these 46, or rather more 
than half, still survive, and it is significant that no less than 35 
of them are species which range into deep water, 4.e., into depths 
of more than 1,000 fathoms. Only 11 are species which, up 
to the date of Mr. Brady’s Challenger Report (1884), were not 
known to occur in depths of more than 700 fathoms; these are 


the following :— 
“Species. Range given. 
Fathoms. 
Rhizammina indivisa - = - - - 150 to 540 
Textularia turris - 350 ,, 390 
a trochus_- O ,, 390 
Verneuilina triquetra - 89 ,, 390 
Gaudryina filiformis - - - = O,, 620 
33 rugosa < = - O,, 675 
Tritaxia tricarinata - - », 155 
Nodosaria aculeata - - - - - 95,, 405 
is filiformis - . - 50,, 450 
Ramulina globulifera - - 95 ,, 620 
Pulvinulina concava - -— - - O,, 150 


*¥Excluding those found in the Phosphatic Chalk of Taplow, which will 
be referred to in the sequel. 
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Since the date of the Challenger Report, Teztularia turris has 
been found at 438 fathoms and Gaudryina rugosa at 936 fathoms, 
both in West Indian waters; moreover, several of the species 
are rare as recent forms and may at any time be found at greater 
depths than those at which they were obtained by the Challenger 
Expedition. Thus we may safely say that the range of Tritaxia 
tricarinata is unknown, for it has only been found living at one 
local.ty; as it ranges through every part of the Chalk and is asso- 
ciated with species which are now commonest in deep water, 
there can be little doubt that in the Cretaceous period, at any rate, 
it had a considerable range in depth. Excluding the Tritazia, 
there remain six species which at the present time have only been 
obtained at depths of less than 500 fathoms. This fact must be 
taken for what it is worth, but it is of the nature of negative 
evidence, and the positive evidence of the Foraminifera found 
in these zones of the Upper Chalk is decidedly in favour of their 
having been laid down in water of greater depth than prevailed 
during the formation of the zones of H. planus and M. 
cortestudinarium. 


This statement, however, will not apply to the assemblage of 
Foraminifera found in the phosphatic chalk of Taplow (see p. 219), 
which is remarkable not only because it is very rich in Forami- 
fera, but because so many of the species have not been found 
elsewhere. Thus Mr. Chapman distinguished no fewer than 
99 different species;* of these five were described as new species, 
and of the rest 30 were not previously recorded from any part 
of the Chalk, while no fewer than 44, or nearly half, have not 
yet been recorded from any other bed in the Upper Chalk. Among 
those species which have survived to the present day 13 are either 
shallow water forms or appear to have a very limited range in 
depth ; these are :— 


Spiroloculina limbata - Shallow water, rare beyond 400 fathoms. 


Miliolina trigonula - Shallow water, rare beyond 500 fathoms. 
Textularia conica - - Shallow water to 142 fathoms. 

Bolivina nobilis - + Ranges from 6 to 400 fathoms. 

Nodosaria aculeata - - Ranges from 95 to 450 fathoms. 

35 hispida - Ranges from 95 to 450 fathoms. 

5 Reemeri - - In less than 400 fathoms (N. Atlantic). 
Lingulina carinata - - Ranges from 40 to 580 fathoms. 
Cristellaria gemmata - Rare but only found between 95 and 210 

fathoms. 
Pulvinulina Karstenit - An Arctic species from ‘less than 220 
Ba fathoms. 


* repanda, var. 
concamerata. Found in less than 150 fathoms. 
55 punctulata - - Ranges from 10 to 390 fathoms. 
Rotalia Beccari - - Essentially a shallow water form. 


* Quart. Journ. Geol. Soc., Vol. xlviii. p. 514 (1892). In this paper 
98 is the number mentioned, but Mr. Chapman informs me that Tritazia 
,ovcolata was unintentionally omitted. 
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Eight of these are essentially shallow water forms, and yet 
others are associated with them which are just as characteristic 
of deep water, such are Miliolina venusta, Rhizammina alge- 
formis, Verneuilina pygmea, and Rotalia Soldani. 


Such discordant evidence can only be expla‘ned on the suppo- 
s.tion that the shallow water forms had been transported to the 
spot where they are now found, and the most probable means 
of transport is that of a current, as was first pointed out by Mr. 
Strahan.* There are other facts connected with the deposit 
which suggest the action of a current ; the underlying floor of 
indurated chalk, the abundance of remains of small fish, and 
the phosphatisation of the shell-fragments and the Foraminifera. 
The explanation of all these facts is probably that suggested by 
Mr. Strahan—namely, a temporary “change in the strength or 
direction of the local currents” f ; but I think we may go further 
than his cautious and general statement, and may attribute the 
phenomena to the action of a strong current setting out from 
shallower water and temporarily directed over this spot. In 
all probability this current carried along dead and decomposing 
organisms of various kinds, and this food supply was a*companied 
by aswarm of small fish who followed it into deep water. Further, 
it seems most probable that this current set southwards from a 
northerly direction, for three of the Foraminifera have a remark- 
able distribution at the present day, Pulvinulina Karstent being 
only known from Arctic seas, Pulv. concamerata only from British 
seas, and Nodosaria Remeri being found chiefly in the North 
Atlantic. Such a current will also account for the phosphatisa- 
tion, for phosphatic nodules are mostly found in localities where 
currents cause the meeting of waters of different temperatures. 


I would, however, guard myself against being understood to 
suggest that the imported Foraminifera were brought from really 
shallow water in the neighbourhood of a shore-line ; it will be 
seen that all of them range to 150, and manyof them to400, fathoms, 
and it is quite possible that some part of the sea-floor to the north- 
ward rose into a submarine bank, parts of which may have reached 
to within 100 fathoms of the surface, but were still at a consider- 
able distance from land, exactly as Rockall Bank does at the pre- 
sent day. In this I agree with Dr. Hume, who regarded them 
as “transported by current action, not from a shore-line, but 
from considerable depths, and that this explains the absence of. 
any mineral materials,”’} and with Mr. Strahan, who writes: “From 
whatever direction it (the rock material) was drifted, it must 
have been from a region almost unreached by mineral sediments.”§ 


* On Phosphatic Chalk, Natural Science, Vol. i. p. 284 (1891). 
¢ Quart. Journ. Geol. Soc., Vol. lii. p. 468 (1896). 

t Dr. Hume in Proc. Geol. Assoc., Vol. xiii. p. 233 (1894). 

§ Natural Science, Vol. i. p. 285. 
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8. Re-Elevation. 


We have finally to consider the contents of the zones of Belem- 
nitella mucronata and Ostrea lunata, and to see in what respects 
they differ from those of the underlying zones. 


(1) Lithological Evidence-—Mr. Hill and Dr. Hume have de- 
scribed the residues of five samples from the zone of Bel. mucronata 
and the quantity of detrital material is still very small, but seems to 
be variable, and in some of the samples, grains of detrital minerals 
are more numerous in the coarse residue than in any sample from 
the two underlying zones. It is noticeable too that grains of fel- 
spar occur in two of them, and that in the residue of the Norwich 
chalk Mr. Hill mentions “ an appreciable amount of sand.” 


In the Trimingham chalk not only is the total quantity of 
residue large, but half the coarse residue consists of fine sand, 
composed chiefly of quartz, but including grains of felspar, mica, 
rutile, tourmaline, and zircon. In this respect, as well as in the 
presence of glauconite, and in abundance of shell-fragments and 
of Foraminifera, this chalk resembles that of the zone of Holaster 
planus more than any other part of the Upper Chalk ; it differs, 
however, in the much smaller proportion of glauconite, and in the 
more minute size of the mineral grains. 


The evidence above indicated distinctly favours the hypothesis 
that a movement of elevation was in progress during the forma- 
tion of these beds. : 


rd 


(2) Zoological Evidence.—With respect to the Mollusca, it will 
be noticed that Cephalopoda are more numerous, six species of 
Ammonites having been found in the Norwich Chalk, together 
with species of Baculites, Crioceras, Heteroceras and Nautilus, 
the reappearance of these genera recalling the fauna of the Chalk 
Rock. No doubt their presence merely means that there was 
more food for these animals, but then why was such food moe 
abundant ? 


More significant is the recurrence of several genera of Gastero- 
pods ; individuals are rare, but representatives of the following 
have been found, Avellana, Aporrhais, Dolium (?), Emarginula, 
Hipponyz, Nerinea, Pleurotomaria, Turbo, and Turritella. The 
presence of these in the zone of Bel. mucronata shows that their 
absence in the underlying zones cannot be attributed to the solu- 
tion of their shells after the elevation of the Chalk into Tertiary 
land, but must be due to some contemporaneous condition which 
prevented their embedment. If this condition was a great depth 
of water, as already suggested, then their occurrence as casts in the 
Bel. mucronata chalk may be taken as indicating a lessened depth 
of water, allowing such shells to last long enough for complete 
embedment. . : _- 
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Among Lamellibranchs the reappearance of Cuspidaria caudata 
hasa similar significance, the occurrences of this shell being especi- 
ally remarkable; it has been obtained from the Chalk Marl: 
(base), from the Chalk Rock, and from the Norwich chalk, and 
from these horizons only, yet its recurrence shows that it existed 
throughout the whole period, and until a specimen is discovered 
in the zone of Terebratulina, or in one of the three middle 
zones of the Upper Chalk, its preservation in Chalk Rock and in - 
the zone of Bel. mucronata may fairly be regarded as something * 
more than an accidental coincidence. 


__ The reported recurrence of Pholadomya is also worth notice, for ’ 
if correct, it is the only occurrence of this genus above the zone 
of Holaster subglobosus. It isa deep water shell, and a recent species 
has been obtained down to 1,100 fathoms (Fischer), so that its non- 
appearance in the other zones is the more surprising. On the 
hypothesis above suggested, its absence from ‘certain zones is 
comprehensible, but one would expect it to occur in the zone of 
Holaster planus. 


“ With regard to the Bryozoa, little can be said, as they have not 
been specially collected from the Norwich Chalk. 


Neither do the Foraminifera, so far as they are at present known, 
afford any decided evidence of a decrease in the depth of the sea. 
The total number identified by Mr. Chapman (see p. 337) is 53, 
and of these 22 are still living, but nearly all of them are species 
which range from shallow to deep water. 


Coming now to the Trimingham Chalk, which I have separ- 
ated from the Norwich Chalk under the name of the zone of Ostrea 
lunata, we find several members of its fauna worthy of notice. 
As in the Norwich Chalk, Ammonites and Baculites are found, 
and at least two genera of Gasteropods (Cerithiwm and Turbo). 
Among Lamellibranchs there are Arca Geinitz. (which probably 
also occurs near Norwich) and Nucula pectinata, a species which 
was not known to range above the Chalk Marl in England, but 
which was identified by Professor Deecke among the fossils collected 
by Mr. Brydone (see p. 266). This species evidently persisted 
throughout the whole Upper Cretaceous period, and the non- 
existence of its shell in the great mass of chalk which lies between 
the Chalk Marl and the Trimmingham beds is a fact which demands 
explanation. Either it was a species which only lived in moder- 
ate depths, or, if it could and did live in deep water, its shell was 
destroyed before its embedment was complete. In either case 
this Nucula may be expected to occur in the zone of Holaster 
planus, now that it has been discovered in that of Ostrea lunata. 

Nucula pectinata has been found in the marls and sandstones 
which represent the Turonian and Lower Senonian stages in 
Bohemia, a proof that it persisted with other Cenomanian species 
jn the shallower waters of the Cretaceous sea. 
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With respect to the Bryozoa, we are not yet in possession of suffi- 
cient evidence, butMr. Brydone informs me that these are 
abundant and that many of the species are identical with those of 
the chalk of Rigen in North Germany. 

The Foraminifera have not yet been fully investigated, but 
among those isolated by Mr. Hill and examined by Mr. Chapman 
34 species were identified, and of these 24 are still living, and this 
is noteworthy, as being a larger proportion of living forms than is 
the case with any other part of the Chalk. When the ranges of 
these species are considered, however, th evidence is found to be 
conflicting and inconclusive. Thus there are two essentially shallow 
water forms, Polymorphina communis and Discorbina globularis ; 
on the other hand, these are associated with Bulimina exilis, 
Pullenia spheroides, and Rotalia Soldani, which are more especi- 
ally characteristic of deep water. 

Teatularia sagittula may also be mentioned, for, though it now 
ranges into deep water, it has only yet been recorded from two 
other localites in the Upper Chalk, Taplow (zone of Act. quadratus) 
and Lewes (zone of Micraster cortestudinarium), and is in both 
cases associated with some species of limited range. 


Concluding Remarks. 


From the facts mentioned in the preceding pages it will be 
gathered that there is a certain amount of evidence in favour, of 
the conclusions predicated on p. 361. The evidence of upheaval 
during the formation of the Holaster planus zone is strong, that 
of the subsequent subsidence is fairly definite, but the indications 
of re-elevation to be found in the zones of Belemnitella mucronata 
and Ostrea lunata are not quite so cogent. With respect to the 
last, no one will be disposed to doubt that the Cretaceous period 
did actually close with such a movement of upheaval, even if it 
had not proceeded very far at the time when the English record 
of Cretaceous history breaks off, for we must remember that the 
final members of the Cretaceous Series are wanting in this country, 
having been destroyed, by the erosion which preceded the deposition 
of the Eocene Series. 

Dr. W. F. Hume, writing on the “Genesis of the Chalk” in 
1894,* published a diagram to illustrate the relations which he 
believed to exist between the varying lithological characters of the 
Chalk zones, and the probable depth of the water, and as my 
examination of the evidence tends to confirm the general idea 
expressed by his diagram, I have adopted a similar method of 
showing the probable variations in depth which took place during 
the formation of the Middle and Upper Chalk. 

It must be understood that this is only a diagram, and that it is 
not to be taken as indicating any belief that that maximum subsi- 
dence of the English area in the Cretaceous Period was 700 


* Proc. Geol. Assoc., Vol. xiii, p. 240. - 
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fathoms, neither more nor less. The line is drawn down to 700 
fathoms merely to indicate the probable extent of the depression as 
compared with the preceding amount of elevation. 

Dr. Hume (loc. cit., p. 239) has suggested that the relative 
abundance of flint nodules may have had some relation to the depth 
of water in which the beds were laid down, and he points to the 
reduction in the size and number of the flints in the Marsupites 
zone as possibly coinciding with the period of maximum subsidence. 
The rarity of flints in this zone is not invariable, for they are fairly 
abundant and of moderately large size in these beds throughout 
Dorset and Wiltshire, but in the eastern part of England it does 
seem to be the case that they are fewer than in the zone below. 
In Yorkshire both the zone of Marsupites and that of <Act. 
quadratus are flintless, but elsewhere flints are of regular occur- 
rence in the latter zone, so that it is doubtful whether 
the relative abundance of flints can be taken as having 
any connection with a supposed decrease in the number of 
siliceous sponges beyond a certain limit of depth. 


ADDENDUM. 


When discussing the conditions under which the White Chalk was 
formed, in Chapter XLVI. of Volume II. ofthis Memoir, I omitted to notice 
a paper by Dr. A. S. Woodward on “The Antiquity of the Deep-Sea 
Fish-Fauna.”* In this he remarks that “among ashes it is usually 
possible to distinguish the deep-sea forms by their comparatively delicate 
skeleton or by their attenuated fin-rays, or by indications of a great develop- 
ment of the slime canal-system which is related to ihe production of lumin- 
osity or even to the formation of special luminous organs. Judged by these 
criteria the majority of the deep-sea fishes of the Cretaceous period are more 
or less closely related to the Scopeloids and Berycoids, which still form so 
conspicuous an element in the abyssal fauna. They are best known thus far 
Srom the Chalk of England and from equivalent deposits in Westphalia, 
Bohemia, Dalmatia and the Lebanon.” He refers especially to Dercetis - 
Echidnocephalus, Istieus, and the Berycoids. 


* Naturad Science, Vol. XII. p. 257. (£898). 
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CHAPTER XXV. 
ECONOMIC PRODUCTS OF THE CHALK. 
1. BurtpiInc Mareriats. 


Beer Stone.—This stone is only quarried near the village of Beer, 
in Devonshire, and only one quarry is now worked, but formerly 
there were others, and it was also quarried in Hooken Cliff, west 
of Beer Head, where the old adit can still be seen. A similar stone - 
was formerly worked at Sutton, near Widworthy, eight miles 
north of Beer, and was known as Sutton Stone; this occupies 
the same stratigraphical position as the Beer Stone, and is un- 
doubtedly an outlying remnant of the same bed, but it has not been 
found at any other locality. 


The thickness of the best beds of freestone which were being 
quarried west of Beer in 1894 was 12 or 13 feet, and the adit 
was a tunnel of more than that height opening from the face of the 
quarry into the large subterranean excavations. The stone here 
seems to have been worked from the open quarry until the head of 
chalk above became so great that it was necessary to tunnel for the 
stone. 


Smeaton, in his history of the Eddystone Lighthouse, gives an 
account of a visit which he paid to Beer about 1750. He says :— 
“TJ first visited the quarries at Beare, near the south-east corner 
of Devonshire, and near the sea coast. I found the bed or stratum 
of freestone worked here was of considerable thickness, and with 
so great a cover of earth upon it that it was worked in underground 
cavities, the superincumbent strata being supported by pillars 
formed by detached parts of the stratum left standing. Here the 
stone, which is of the calcareous kind and in point of hardness 
and texture much like Bath Stone, but whiter, lies in so solid and 
thick a bed that blocks might be cut out from it of any size required ; 
and though the stratum is very compact (that is, free from fissures), 
yet it is of so soft and workable a nature that I found the workmen 
sawing out blocks from the general mass (or posts) with carpenter’s 
saws, which they could do to any dimensions required; and 
though this stone was capable of being thus wrought, and was so 
free to the tool, yet I found that it hardened considerably after 
being exposed to the weather, as was manifest by the buildings 
that had been erected many years at the village of Beare.” 


The quarry seen by Smeaton is an old one not now worked, | 
the opening to which is on the south side of the lane, and nearly 
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opposite the existing quarry and tunnel. Smeaton’s account 
is very correct, except in regard to its comparison with Bath 
Stone, which is of oolitic structure, whereas Beer Stone appears 
to consist entirely of small fragments of shell very uniform in size. 
It is yellowish in colour, hardens much on exposure, and is alto- 
gether much stronger than Bath Stone, and very much superior 
to the Caen Stone which was once so much used in England. 


The following remarks are quoted from a pamphlet entitled 
“Observations on Beer Stone,” by P. E. Masey, Esq., Architect, 
and printed by J. Townsend, Exeter, 1882 :— 


‘The stone has these special advantages—agreeable appearance, 
fine grain, especially fitting it for delicate carving, and easiness 
and cheapness of working. It is beyond rivalry the cheapest stone 
in the market.* Its durability for interior work is undoubted, 
and for exterior purposes it is at least better than many, and, I 
think, equal to any.” 


As regards durability, even in the atmosphere of London, Mr. 
Masey instances its use in St. Stephen’s Chapel, Westminster, the 
crypt of which he states to be built of Beer Stone, not of Caen 
Stone, as believed by Mr. C. H. Smith and others. ‘ The church 
of St. Pancras, Exeter, shows its resistance to deleterious city air 
for 600 years.” 


In medieval times Beer Stone was used far and wide throughout 
the east of Devon and the adjoining parts of Somerset and Dorset, 
and even in Hampshire, as in Winchester Cathedral, where Mr. 
Masey identified it in a portion of William of Wykeham’s work of 
the fourteenth century, and where it had stood well in an exposed 
position for 500 years. He also remarks :—“‘ Beer Stone was used 
in the cathedral of Exeter from the Norman period downwards, 
mostly for interior work .... In the cathedral archives the 
stone is mentioned in 1427 to 1434, and the stone so specified is 
said to have been used in building the chapter house.” Among 
other churches in which Beer Stone is used may be mentioned 
those of Charmouth, Lyme Regis, Uplyme, Chard, Colyton, Ax- 
minster, Axmouth, Seaton, Branscombe, Ottery St. Mary, Honiton, 
St. Lawrence Clist, Whimple, and Tallaton. 


With respect to the capacity of Beer freestone to resist strain 
and stress, experiments were made in 1879 by Mr. David Kirkaldy 
(of 99, Southwark Street, London). Twelve specimens of the stone 
of four different dimensions were submitted to him and he tested 
the thrusting stress they would bear with the following results, 


* T am informed by the managing director of the Beer Freestone Com- 
pany at Seaton, Devon, that the price of the freestone delivered in London 
is 1s. 6d. per cubic toot, and elsewhere at proportionately low prices. If 
the demand for the stone increased a pier could be erected at Beer and 
water-carriage employed which would still further cheapen the stone, 
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the figures given being the mean result of three specimens of each 
size :— 


Slightly Cracked. Crushed. 
Dimensior's. 
Stress. Per sq. inch. | Per sq. foot. Stress. Per sq. inch. | Per sq. foot. 
Inches. Ibs. Ibs. Tons. Ibs. lbs. Tons. 
6x6x6 75,880 2,106 135°4 90,880 2,522 162°1 
12x€x6 69,706 1,938 124°6 84 713 2,355 151°4 
18x6x6 70,156 1,933 124°3 87,993 2,424 155°8 
24x6x6 66,650 1,874 120°5 83,656 2,352 151°2 


In comparison with other stones of a similar character, Mr. 

Masey gives the following particulars :— 

‘ Ibs. 
Of Beer Stone, a eube one inch square bears a stress of 2°106. 
Of Portland Stone, a cube one inch square bears a stress of 2°125. 
Of Bath Stone, a cube one inch square bears a stress of 1°275. 
Of Caen Stone, a cube one inch square bears a stress of 

(ranges from) °577. 


From these facts it would appear that in regard to strength Beer 
Stone is practically equal to Portland Stone, and very much stronger 
than Bath Stone or Caen Stone. A six-inch cube of Beer Stone can 
be seen in the Museum of Practical Geology. 


Totternhoe Stone.—In former days this stone (see Vol. 11.) was 
largely worked at Totternhoe, in Bedfordshire, and it is still occa- 
sionally quarried for building-stone both at Totternhoe and at 
other places along its outcrop in Hertfordshire, Bedfordshire, and 
Cambridgeshire. It is eminently suitable for inside work, such 
as vaulting and moulding, being light, soft, and easily worked 
when fresh, and lasting very well when protected from rain and 
frost. For outside carved work it is not suitable, as may be seen 
by a glance at the worn and broken state of the fine west front 
of Dunstable Priory Church. For plain walls, however, it is' a 
sufficiently durable stone. 


Totternhoe stone is a fine-grained ‘grey-coloured limestone, 
rather rough to the touch, but not really sandy,, its roughness 
being due to the minute fragments of shell which enter largely 
into its composition. 


Totternhoe Stone is still employed occasionally, especially for 
interior mouldings, but, so far as I am aware, it is now only 
quarried at Totternhoe in Bedfordshire, Arlesey near Hitchin, 
and Burwell in Cambridgeshire. 


At Totternhoe the best stone is in two beds, each about 4 feet 
thick, and can be worked as a freestone, but the beds are traversed 
by joint planes, which divide them into cubical blocks ; masses 
weighing a ton can be obtained. The upper beds (9 feet thick) 
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are less hard, and do not stand weather so well as the middle beds, 
and the lower beds are in thinner courses. The stone is now only 
worked in the open quarry, but formerly adits were driven into 
the hill along the outcrop of the stone.. 


Totternhoe Stone has been used in the construction of many 
of the churches in the neighbouring parts of Bedfordshire, Hert- 
fordshire, and Buckinghamshire. It is eminently suitable for 
carved and moulded work inside such edifices, lasting well if 
preserved from the weather. Mr. J. Saunders, of Luton, informs 
me that the tower of the parish church of Luton is built chiefly 
of alternate cubes of Totternhoe Stone and black flint. It has 
also been employed in Woburn Abbey, in Fonthill House (Wilts), at 
Ashridge, and for the organ screen in Peterborough Cathedral. * 


The following description of the working of the stone at Tottern- 
hoe is from a work by P. Kalm, in which he gives an account of 
his visit to England in 1748, on his way to America.t Mr. Joseph 
Lucas translated this work into English, in 1892 ¢ but it is from 
the MS. which he kindly lent me before publication that this 
account is taken :— 


“This freestone is dug deep under the hills. Here were three 
places, where they had formerly hewn the same, and where adits 
down at the foot of the hill went far under the earth, or the Chalk 
hill. I was as far in as the ends of two, one of which went as 
far as 40 poles (==660 feet). . . . At the entrance the adit 
was walled for about 12 feet, to keep it free from slips. After 
getting about 40 feet into the mine there was no more daylight, 
hut it was coal-black darkness, as of night. The breadth of these 
adits underground was for the most part 6 feet, the height 7 feet. 
tho, ean se The water now trickled down everywhere through 
the roof, or vault of the adit, from the hill above . . . Both 
roof and walls were very uneven, for sometimes the sides pro- 
jected and sometimes went in hollows.... The adits... 
went most horizontally, yet they sloped a little down in some 

laces. On both sides of the main adit there went other adits, 
Poth at acute, right and obtuse angles; so that if the entrances 
of all these cross-galleries had been open there would have been, 
to one unacquainted with them, the worst labyrinth and maze 
there could possibly be; but these adits were now mostly filled 
up with the loose bits of freestone which had been broken off in 
the process of hewing. 


“The stone divided itself here in the mine all in cracks or 
fissures, which all went from above downwards more or less 


* See Report on the Selection of Stone for the New Houses of Parliament, 
1839. 

+ En Resa til Norra America . . . . . Tom. i. pp. 288-293. 
Stockholm, 1753. 

t “Kalm’s Visit to England,” pp. 292-296 (Macmillan). 
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perpendicularly, but no fissures ever ran horizontally or very 
obliquely, which was the unanimous account of the workmen. 

“These fissures were sometimes broad, six inches wide or more, 
sometimes quite narrow, but nearly all very deep, so that a stick 
ans feet long could be stuck into them without reaching the end 
of them. 


“These stones naturally clear each other perpendicularly on 
all sides, and form as it were perpendicular sides of cubes and 
oblongs, but they are never naturally divided horizontally [in 
other words, the planes of bedding do not show, whilst the joint- 
planes are marked], but all horizontal division must be eftected 
artificially. When the workmen wish to have a stone broken 
horizontally . . . they hew with their picks a horizontal line 
where they wish it to be divided, and then knock wedges of iron 
into it, by which they spring it loose horizontally to any thick- 
ness they please. 

«The stone down in the mine, and when it ‘was first hewn, 
was of a grey . . . colour, and so soft that it could be cut 
with a knife as easily as a hardened or dry pot-clay ... . but 
when it had come up to the day and lain for a time in the open 
air it became very white, although not quite so white as chalk, for 
it could be seen that there was a considerable difference it one 
wrote with a piece of chalk on a wall built of this stone. . 
Similarly, it has also the property that after it has come into the 
open air it always hardens more and more. . . . Hence itis 
that as soon as it comes out of the mine or stone-pit it is worked 

while it is still soft. 

“ We also noticed the occurrence of nodules of pyrites (Crow’s 
gold) and of shells in the stone, and that it was used not only as 
a building stone, but also ‘for window-frames and door-posts, and 
arches over fire-places, windows, and doors for several kinds ot 
pedestals and pillars, the bottoms of baking ovens, etc.’ ” 


Ordinary Chalk.—Besides the recognised building stones of 
Beer and Totternhoe, ordinary firm chalk taken from the Lower 
or Middle stages of the formation has been used for building 
purposes in many parts of England. I have seen square blocks 
of chalk used in the outside walls of houses and cottages in 
Norfolk, Suffolk, Cambridge, Herts, and Dorset, and some of 
them have stood the weather very well. 


The following letter, written by Mr. C. B. Rose, on February 4, 
1830, to Mr. S. Woodward, of Norwich, has been published by 
the grandson of the latter (Mr. H. B. Woodward), and relates to 
the use of chalk in Swaffham, in Norfolk :— 


“From an examination of the monastic and castellated 
remains of this neighbourhood, it appears to have been 
extensively used for inside work, not merely for the inner walls 
dividing the building into apartments, but the inner portion of 
the outer walls. The walls of the Castle, at Castle Acre, are con- 
structed of chalk, cased exteriorly with flint or other less 
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perishable material. Chalk still continues to be employed in the 
construction of barns, cottages, farmhouses, garden walls, ete. 
The hard grey chalk (that without flint) is to be preferred, but 
the chalk with veins of flint is occasionally used and found to 
answer; walls constructed of it remain damp a long time, I 
believe. It is necessary that the mortar is of the best quality, to 
ensure the durability of the building; and equally necessary that 
the wet should be prevented from insinuating into the work; for 
instance, to insure the durability of a wall, it is necessary to 
have a good coping of brick or tile to protect the upper surface. 

“The method of using the chalk is as follows: It is raised 
by ile in largish masses, and allowed to weather; the 
hardest and that without flaws (for some portions are disposed to 

art into laminz by the frost) is chosen, and squared into the 
form of a brick, but somewhat longer and about twice the thick- 
ness [of ordinary bricks]; these forms are then used as if they 
were bricks, for the outer and inner layers ot the work, the space 
between being filled with irregular fragments” 

Mr. Hill and I found the lower part of the Middle Chalk being 

uarried partly for building stone in 1886 at Northwold, in West 
Norfolk, and were informed that many houses in that village had 
been built of it; also that it stood well if dug and squared in the 
early part of the summer, and then allowed to get thoroughly 
dry before being used. 
r. Skertchly found that the chalk obtained from a quarry by 
the river about two miles west of Brandon was used for walling 
urposes, being a moderately hard chalk (probably Middle 
Be k); the same is the case with the chalk near Hilborough. 

Of the Lower Chalk quarried at Marham, in the same county, 
Mr. R. C. Taylor has said that it is “sufficiently hard for building, 
the church, the adjoining abbey, and a tomb within the church, 
with recumbent figures, having been principally constructed otf 
this material.”* (For the quarries at Marham, see Vol. IL, 

. 212. 
e Mr. iH W. Bristow, writing in 1862 of the northern part of 
Hampshire says,; “The chalk is used in the form of lime, both 
for building and agricultural purposes, while the harder beds are 
used for buildings, locally, in all parts of the oe , 

Mr. Hill found the upper part of the Middle Chalk being 
quarried for building material on the north bank of the Thames 
at Medmenham in 1899 (see p. 212.) 

Flintwork.—Flints have been used from very early times not 
only in the construction of simple walls but in edifices of various 
kinds, and, as Mr. Whitaker has remarked, “ they probably form 
the most lasting material in the kingdom. They may be seen, in 
the rough state, in Roman work, as near St Albans, and in many 
old churches of various dates; but they are also used with bétter 
effect after having been dressed to a flat rectangular surface, of 


* Trans. Geol. Soc., Ser. 2, Vol i. é: 378 (1824). 
+ Explanation of Sheet 12, Mem. Geol. Survey, p. 18 (1862). 
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which there isa good example in the exquisite little Decorated 
church of Shottesbrooke, in Berkshire.”* 

When used in the rough for walls, weathered flints picked off 
the surface of the land, or taken from flint gravels, are just as 
good if not better than fresh flints, but for faced work it is 
necessary to get fresh flints from the chalk, as these can be split 
morereadily in any required direction, and black flints have 
generally been selected for this purpose. 

Faced flints are often arranged in patterns and frequently in 
squares, alternating with blocks of stone, the contrast of black 
flmt and light coloured stone having a good effect. The county 
of Norfolk is renowned for its flint work, which can be seen in 
many of its churches and older buildings. The old Bridewell, by 
St. Andrew’s Church, Norwich, erected about 1400 AD. is a fine 
specimen of flintwork, of which Blomefield, writing in the middle 
of last century, says that it is “esteemed the most curious wall of 
black flints in all England for its neat work and look, the stones 
being broken so smooth and joined so well.” 

Mr. 8. B. J. Skertchly remarks that in some of the Norwich 
churches the faced flints have been “very cleverly worked to fit 
into freestone tracery of the Decorated style.”+ 

Land-flints and gravel flints are still used not only for garden 
walls but for the walls of churches and other buildings. A very 
recent instance of such construction is the church at Shernborne, 
in Norfolk, which has been completely restored at the expense of 
the Prince of Wales, on whose property it stands. The restoration 
was completed in 1898, and the vicar informs me that many of the 
flints were in the old church, and that the rest were obtained from 
the gravel pits at Bircham ; the walls are built almost entirely of 
them, only a few pieces of “ironstone” (? carstone) being used 
here and there. 

A considerable trade in building flints is still carried on at 
Brandon, as a survival of the former trade in gun-flints. The 
following remarks are quoted from Mr.S8. B. J. Skertchly’s memoir 
on Gun-flints,} and were written in 1876—“ The cores from which 
flakes have been struck are slightly worked up to form building 
stones, or builders, as they are more commonly called. From 
their mode of formation they taper towards the end; but they are 
worked to a level face, if possible, but if any projection exists on 
the face it is struck off and is then called a ‘chip back, because 
it has been chipped back to a level face. These, however, are 
not considered so good as those which have a smooth face struck 
by a single blow of the quartering hammer. ‘Builders’ are known 
under the following designations :— 


1. Square black-faced builders. 
2. Square mixed coloured builders. 
3. Round black builders. 


* Geology of London, p. 500, Mem. Geol. Survey (1889). 
+ Manufacture of Gun-flints, p. 35, Mem. Geol. Survey (1879). 
¢ On the Manufacture of Gun-flints, p. 34, Mem. Geol. Survey (1879). 
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4. Round mixed coloured builders. 
5. Random faced builders. 

6. Rough builders. 

7. Land Stones. 


“The first four are made to size as ordered, but this size is 
arbitrary, the fifth are called ‘randoms,’ because they are of any 
size, and are not assorted. The two last are not cores; No. 6 are 
irregular pieces broken from the quarter [the quartering or first 
breaking of the large flints]; No.7 are merely stones picked from 
the surface of the ground and built into walls without any dressing 


“These flints make a very durable and_ nice-looking wall. 
Many of the houses in this district [ie., Brandon and neighbour- 
hood] are built of them, and when the quoining is of brick the 
pppearancs is quite attractive, and possesses none of the heavy 
look that might have been expected. . . . . The trade in 
‘builders’ is steadily increasing, and their durability and eftective- 
ness, combined with small cost, bid fair to give them a more 
extensive sale than has hitherto been their lot. 


“The prices in the town at present (1879) are :— 


For the first four kinds, 4s. per 100. 
For random faced kinds, 3s. per 100. 
For rough builders 3s. 6d. to 5s. per ton. 


In Suffolk, mixed-coloured builders are preferred to black ones.” 


Specimens of all these kinds of faced flints are preserved in 
the collection of building stones in the Museum of Practical 
Geology. It is customary tor the maker to mark his initials and 
the date on one or more of the flints supplied, and Mr. Skertchly 
states that on All Saints Church, Fainntoan, Suffolk, the follow- 
ing marks are seen :— 


J B. (James Benstead) 1806. 
H. A. (Henry Ashley) 1865. 


The marking is done by a series of small indentations made by 
sharp rebounding blows on a punch, each blow driving out a 
little bulb of flint. 


Near Norwich, many old workings and galleries have been 
found in the chalk, made evidently for the purpose of extractin 
fresh flints. One of these was found in 1823, near St. Giles’ Gate 
and was described by Mr. G. W. Featherstonhaugh as consisting 
of various galleries about 8 feet in height, from 2 to 5 feet in breadth, 
and occupying a total length of 4,600 feet. It is believed “ that 
the object of this particular working was toextract the flints which 
were used in great quantity in the construction of the ancicnt 
buildings and walls of Norwich ; for upon reopening the original 
entrance, which had been blocked up with ruins, the date 1571 
with the name of one of the workmen was found written on the 
side of the cavern, a year which was stated by Mr. Featherston- 
haugh to correspond with a period when the walls of the city are 
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known to have been repaired with flints and various buildings 
formed of them.’’* 


LIME AND CEMENT, 


Lime.—In the eastern and southern parts of England chalk 
has been very largely used for burning into lime. All portions of 
the chalk have been quarried and employed for this purpose, but 
there is a great difference in the qualities of the limes made from 
different kinds of chalk. The soft pure chalks such as make up 
the greater part of the Middle and Upper Chalk make what is called 
a “light” lime, or “ common chalk lime” ; while the Chalk Rock, 
the Melbourn Rock, and most part of the Lower Chalk make much 
stronger limes, that made from some parts of the Lower Chalk 
being equal to the best “stone limes.” 

A cubic foot of pure chalk, such as is obtained at Chatham 
and Stroud, weighs when perfectly dry about 90 lbs., but when it 
is broken into small pieces for burning, a cubic foot measure will 
only contain about 63 lbs. of the same chalk. This 63 lbs. of dry 
chalk will make about 35 Ibs. of quicklime.t The dry quicklime 
thus produced by burning chalk in a kiln will slake if a certain 
quantity of water be added to it, that is, it will become very hot and 
fall to pieces, forming a fine white powder. If required for mortar 
this powder is mixed with sand and an additional quantity of 
water. 

The lime made from pure white chalk, however, does not form 
a good lasting mortar, and the mortar se made is only suitable for 
inside work and not for foundations or outside walls. It is the 
Lower Chalk which has yielded the best and strongest limes, and 
many large quarries have been opened along the foot of the North 
Downs for the establishment of limelkilns, as in the Medway Valley, 
at Merstham, Betchworth, uud Dorking. The lime from these 
places slakes more slowly than that made from purer chalks, and 
makes a stronger mortar, wh'ch sets harder and resists damp much 
better. 

Cement.—Of late years a large industry has been established 
in the making of Portland Cement from chalk-marl in the district 
between Hitchin and Cambridge. 

To explain the rapid development of this industry some re- 
marks on the composition and manufacture of Portland Cement 
are necessary. This information has been obtained chiefly from 
the anonymous work on ‘Building Construction,” Part III. 
Materials, published by Messrs. Rivington and Co. 

Portland Cement ‘is so called from a fancied resemblance in 
its colour to Portland Stone.” It is made either from natural 


* Proc. Geol. Soc., Vol. i. p. 35; and Geology of Norwich, Mem. Geol. 
Survey, by H. B. Woodward, F.R.S., p. 29 (1881). 

+ Observations on Limes, Cements, ete, hy Major-General Pasley, 
p. 4 (1847). 
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stones or marls which contain the required mixture of ingredients, 
or from an artificial admixture of these ingredients. These in- 
gredients are from 60 to 80 per cent. of carbonate of lime with 
20 to 40 per cent. of clay. 

Natural Portland Cement was until recently made from the 
burning of the large ‘‘ cement stones” or calcareous concretions 
which are found in so many Jurassic clays, such as the Lias, the 
Oxford clay, and the Kimeridge clay. Most of those found in 
England contain a large proportion of clay (30 or 32 per cent.), are 
burnt at a low temperature, and yield a quick-setting cement of no 
great ultimate strength. Stones containing a lower proportion of 
clay (about 22 per cent.) occur in the Kimeridge clay of Boulogne, 
and in the Lias near Rugby; these are strongly burnt and yield 
a heavy, slow-setting cement of much greater value. 

Artificial Portland Cement is made in two ways. That hitherto 
best known is manufactured on the banks of the Thames and 
Medway from a mixture of pure Upper Chalk and Alluvial Clay, 
three volumes of chalk being mixed with one volume of clay, the 
mixture containing about 76 or 77 per cent. of carbonate of lime 
and from 23 to 26 per cent. of argillaceous matter. The ingre- 
dients are mixed together with water in a wash-mill, and are run 
off into tanks as “slurry.” 

In other parts of the country cement is made from hard lime- 
stone and burnt shale or clay, the limestone being crushed and 
mixed in proper proportion with the burnt clay ; the two are then 
ground to a fine powder, which is made into bricks and burnt, 
and then ground again into powder. 


Some portions of the Chalk Marl in Hertfordshire and Cam- 
bridgeshire contain just about the requisite amounts of clay and 
calcium carbonate to make a good cement, and when cement 
works were first established the marl was used without any admix- 
ture. It was found, however, that the quality of the cement so 
made was very variable, and that this was due to the great varia- 
bility of the composition of the marl, some layers or portions con- 
taining much less lime than others. Consequently, it has been 
necessary to have analyses made of different parts of the Chalk 
Marl, and to supply any {deficiency of hme by adding a due pro- 
portion of some purer kind of chalk. Hence most of the cements 
now turned out would come under the head of Artificial Cement. 


Between Hitchin and Cambridge there are now no fewer than 
seven cement works, these being at Arlesey, Meldreth, Shepreth 
(two), Barrington, Hauxton, and Cambridge. 

Chalk Marl cement was first manufactured at the Arlesey 
Brickworks, now the Arlesey Brick and Cement Works, near 
Hitchin, and I am indebted to the manager of this company, 
Mr. Noel Shilleto, for an account of the materials used and the 
process employed at these works, 
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The marl is obtained from the quarry in which the Totternhoe 
Stone is exposed, and is consequently the highest part of the Chalk 
Marl. From the description given in Vol. IL. p. 188 it will be seen 
that two kinds of marl are found here, an upper grey marl 
and a lower blue marl; these differ considerably in their com- 
position, as appears from the following analyses which Mr. 
Shilleto has kindly supplied :— 


= 


Lower Upper 
Marl. Marl. 


Insoluble siliceous matter = - - 28°65 20°08 
Carbonate of lime - - 57°93 73°94 
Alumina - - 7°68 3°90 
Oxide of iron - 2°07 1°58 
Organic matter, etc. - - 5 3°67 — 


100° 00 99°50 


Mr. Shilleto states that the composition of the lower marl is 
variable, and that an analysis of the upper part of it gave 66°5 
per cent. of carbonate of lime. The analysis above given was 
that of a sample from the lowest part. 

More complete and accurate analyses by Mr. R. A. Berry have 
been given in Vol. II. p. 335. 

At the present time (1894) cement is being made from the 
upper (grey) marl just below the Totternhoe Stone, but the lower 
(blue) marl is equally good for the purpose, requiring only a larger 
admixture of pure challx. 

The marl is mixed with Upper Chalk obtained from Kneb- 
worth, south of Stevenage, only a small amount being required 
in the case of the upper marl; the mixture is made into a slurry 
with water, dried artificially, and then burnt. 

All the Cambridgeshire Cement Works get their marl from 
the lowest part of the Chalk Marl, some of them working to within 
10 or 15 feet of the “‘coprolite bed” at the base. It is a curious 
circumstance that this lower Chalk Marl is more calcareous than 
the blue marl of Arlesey, containing on an average about 70 per 
cent. of calcium carbonate. It is probable that a similarly cal- 
careous greyish-marl occurs below the blue marl at Arlesey, but 
it has not yet been sought for. 

I am indebted to Mr. G. P. Gildea, of Shepreth, for some par- 
ticulars of the manufacture of cement from the marl at the Rhee 
Valley Cement Works at that place. The works are about 300 
yards N.N.W. of Shepreth Station, and the mar! is from depths 
of from 6 to 36 feet from the surface. The marl is by no means 
homogeneous, and samples from different depths always yield 
different amounts of calcium carbonate. Mr. Gildea had analyses 
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made from samples taken at every five feet, with the following 
results, 6 feet of soil and subsoil being first removed : — 


Depth in feet from surface Percentage of 

of exposed marl. CaCos, 

1 69°88 

5 69°45 

10 68°6U 

15 68°16 

21 “76°31 

25 75°45 

30 72°40 


This lowest sample is about 10 feet above the “ coprolite bed.” 
The amounts of the calcium carbonate were calculated from the 
determination of the carbonic acid, and consequently include 
any small amount of magnesium carbonate that may exist, but 
this is not likely to exceed 1 per cent. in any case. It will be 
noticed that the amount of carbonate in the upper 15 feet varies 
only between 68 and 70 per cent., but that between 15 and 20 feet 
down the proportion rises to 76 per cent.; the decrease in the 
lowest sample is probably owing to the large amount of quartz- 
grains, and not to any increase of clay. 


Mr. Gildea was the first to ascertain the existence of these varia- 
tions, and to devise a means of securing a constant strength in the 
cement made from such variable material. His plan is to dig 
marl down to a certain depth, and in such quantity as to yield 
a mixture containing about 71 per cent. of carbonates ; this is 
mixed with a due proportion of a soft greyish chalk, obtained 
from a quarry south-east of Foxton, and containing about 91 per 
cent. of calcium carbonate. The mixture is then ground to a fine 
powder, so as to ensure its being of a homogeneous texture, this 
is mixed with water in a wash-mill, whence it runs off as “ slurry,”’ 
and finally dried and burnt in the usual way. 

The following more complete analyses of Chalk Marls made by 
Mr. Henry Bassett have also been communicated by Mr. Gildea, 
the first being from his Shepreth Works, and the second from 
Mr. Colchester’s Cement Works at Hauxton, near Cambridge :— 


pone Shepreth. | Hauxton. 


Clay and Silica (insoluble) 18°10 22°20 
Oxide of iron and Alumina - 7°00 2°50 
Lime 41°10 41°34 
Magnesia - not detd. 36 
Carbonic Acid 30°80 31°40 
Sulphuric Acid not detd. “12, 
Alkalis and loss —_ 2°08 


97°00 100° 00 


Both of them contain about 70 per cent. of calcium carbonate. 
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CuHaLk as A Lanp Drassina. 


In former days chalk was very largely employed as a top-dressing 
on all soils that were deficient in lime, both on clay lands as well 
as on gravelly and sandy soils. There is no doubt that such 
soils have benefited very much from its use, and though other 
applications are now more in vogue it is still employed with 
advantage in many parts of the eastern counties. 


Mr. Whitaker has remarked, “‘in the tracts where there is 
much of the superficial deposit known as ‘clay with flints,’ this 
application to the land used to be very general, and though some- 
times the chalk was brought from a pit, the usual method was to 
sink shafts in the field and work the chalk in short galleries there- 
from. I have been told in Berkshire that one dressing serves 
for about twenty years.”’* 


A good instance of the value of such treatment came under 
my notice in 1885, with reference to the land round Britwell 
Prior in Oxfordshire, which consists of rough flint gravel to some 
depth, but underlain by chalk. I was informed that early in 
this century all this gravel-land was open heath, covered with 
furze, fern, and heather, and that no corn could be grown on it, 
till Mr. Bulford adopted the plan of sinking pits through the 
gravel to the underlying chalk, getting up a considerable quantity 
of the chalk, and strewing it over the land, after the furze had 
been burnt off and the land broken up. Experiments proved 
that when this had been done good crops, both of wheat and 
barley, could be grown, and gradually all the heath-land has 
been brought under cultivation. 

In Hertfordshire and Bedfordshire it was formerly a regular 
practice to chalk the clayey and gravelly soils, which are so pre- 
valent in those counties on the chalk area, and there are a few 
places where shafts leading down into bell-shaped pits are still 
opened for this purpose. A century ago they were more numerous, 
and have been well described by Mr. Walker in his Report on the 
Agriculture of Hertfordshire,t from which the following is 
quoted :— 

“The undermentioned method is pursued in chalking land, 
and the persons employed therein pursue it as a trade. A spot 
is fixed upon nearly centrical to about six acres of land to be chalixed. 
Here a pit about 4 feet diameter is sunk to the chalk, if found 
within 20 feet of the surface ; if not the sinkers, considering that 
they are on an earth-pillar, fill up the pit and sink in fresh places 
till their labour is attended with better success.” 

After describing the method by which the earth and chalk are 
prevented from falling in, and the simple windlass and bucket 


_ * Geology of London, Mem. Geol. Survey, p. 502 (1889). 
+ Written in, 71795; reprinted by the Board of Trade in 1804, 
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by which the chalk from below is sent up, he continues— 

“The pit is sunk from 20 to 30 feet deep, and then chambered 
at the bottom, that is, the pitman digs or cuts out the chalk hori- 
zontally in three separate directions, the horizontal apertures 
being of a sufficient height and width to admit of the pitman 
working in them with ease and safety. : 

“One pit will chalk six acres, laying sixty loads on an acre. 
If more be laid on, and to the full extent of chalking, viz., 100 
loads, then a proportionate less extent of land than six acres is 
chalked from one pit. Eigliteen barrowfuls make a load, and 
the usual price for chalking is 7d. per load, all expenses included, 
therefore the expense of chalking at sixty loads per acre is £1 15s., 
and at 100 loads, £2 18s. 4d. 

“ As the challx is considered to be better the deeper it lies, the 
top chalk, particularly if it lies within 3 or 4 feet of the surface, 
is very indifferent, and only fit for lime or to be laid on the roads, 
gateways, etc., the chalkers must be directed to lay by the chalk 
for the first 3 or 4 feet in depth, to be applied to the above pur- 
poses. If not wanted for those uses, it is again thrown into the pit.” 

Finally, Mr.Walker points out the advantages which this system 
of mining the chalk and barrowing it from the shaft mouth on to 
the land has over the system of open quarrying, which necessitates 
the use of horses and carts, and in many cases of carting the material 
for long distances. He says: ‘‘ Those who have been accustomed. 
to the marle-carts of Norfolk and Suffolk know what severe work 
to the teams that business always proves, and what a most heavy 
expense attends it. Horses of great value are often lamed or de- 
stroyed, and the purchase of carts and harness with the wear and 
tear of both form very heavy articles. The Hertfordshire custom 
is therefore much to be preferred.” 


Treatises on the agriculture of Sussex and Kent, written about 
the same time, bear witness to the same method of obtaining chalk 
for laying on the land as prevailing in the parts of those counties 
which are underlain by that formation. * 


In Essex also numerous subterranean excavations of a similar 
shape have been found; they are known as “ Dene Holes,” and 
have been the subject of much speculation as to their date of origin 
and their purpose; some of them may be places of concealment, 
but it seems probable that others may be pits whence chalk was 
obtained for the use above indicated.t 


«* See especially “ Notes on Agriculture,” Chap. xviii. -(1799), by Mr. 
John Bannister of Horton Kirby, Kent. 

t See Report on the Denehole Exploration at Hangman’s Wood, Grays, 
by T. V. Holmes and W. Cole, Essex, Naturalist, December, 1887. ‘ Ancient 
and Modern Dene Holes," by Charles Dawson, Geol. Mag., Dec. 4, 
Vol. iv. p. 293 ; and “ On Deneholes and Bell Pits,"" by T. V. Holmes, ibid, 
p. 447. 
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WHITENING OR WHITING. 


The manufacture of whitening is an industry which depends 
mainly on the existence of chalk for its raw material, and it is requi- 
site that the chalk should be as pure and soft and as free from 
flints as possible. The portions of the chalk formation which are 
most suitable for the manufacture of whitening are the zone 
of Terebratulina in the Middle Chalk, and the zones of 
Marsupites and of Actinocamaz quadratus in the Upper Chalk, 
but other parts of the Upper Chall have been used in some places. 

Whitening is made from the Middle Chalk in Bedfordshire (near 
Dunstable and Luton), in West Norfolk (Hilborough), in Oxford- 
shire (near Ewelme), and in Lincolnshire (near Louth). 

It is made from the Upper Chalk at Whitchurch and Odiham 
in Hampshire, at Kintbury in Berkshire, and near Norwich. 

The usual method of preparing the material is to break up the 
chalk that is quarried, and to pick out any flints that may be 
present ; the lumps are then thrown into a harrow-mill and further 
broken up in water, the finer part being run off with the water 
into tanks where it gradually consolidates into “ slurry,” while the 
coarser part, consisting chiefly of shell fragments and Foraminifera, 
remains in the mill and is thrown away. When the slurry has 
become sufficiently thick it is dug out and made into whitening, 
this being dried in lumps under sheds open to the air. 

Kintbury in Berkshire (between Newbury and Hungerford) 
was formerly quite a seat of this manufacture. Mr. Bristow, 
writing in 1862,* says: ‘‘ Chalk is made into whiting at Kintbury, 
and sent by canal thence in considerable quantities, both in its 
raw and manufactured state, to Bristol, where it is consigned to 
the oil and colourmen. . . . . . At Kintbury there are 
five manufacturers of whiting, one of whom makes about 600 tons 
per annum, the others about 300 tons each, making a total of about 
1,800tons. Formerly it used to fetch 30s. per ton, but now it only 
sells for 8s.” 

From recent inquiries (June 1899), I have ascertained that there 
is still one whiting manufactory at Kintbury, belonging to Mr. 
F, J. Tuttle, who informs me that he makes about 300 tons of 
the material in the year, which is sold at a low price to people in 
the neighbouring district, but is no longer exported to Bristol. 


MATERIALS FOR ROAD-METAL. 


“wo materials obtained from the Chalk have been largely em- 
ployed for metalling roads; these are flints and Chalk Rock. 

Flints form a good material for roads so far as wear is concerned, 
and provided the roadway is kept moist ; but in summer time, after 


* On the Geology of Parts of Berkshire and Hampshire, p. 17 (1862), 
Mem. Geol. Survey. 
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a spell of dry weather flint-made roads break up into sharp sand 
and loose sharp stones which are detrimental in various ways, 
but especially so to rubber-tyred wheels. Flints taken fresh from 
Chalk-pits are brittle, and much less suitable than flints which 
have been long exposed on the surface of the fields, or dug from 
deposits of flint gravel. As such flints are plentiful over large areas 
of the Chalk country, either as surface accumulations or as “clay 
with flints,” they have been largely used. 


Chalk Rock is of much more local occurrence and has therefore 
been less widely used. Occurring at the base of the Upper Chalk, 
and being a hard compact limestone which does not break up, 
like most kinds of chalk, by exposure to frost, it makes a fair road- 
way, and it has the advantage of keeping firm and unbroken in 
dry weather. 


Chalk Rock has been quarried for this purpose all along the 
course of the Chalk escarpment, from the north of Dorset, through 
Wiltshire, Berkshire, Oxfordshire, Buckinghamshire, Bedford- 
shire, and Hertfordshire; and also in some of the valleys to the 
east of the main escarpment. 


It is hardly strong enough by itself to stand heavy traffic in 
winter, and it is said that a mixture of Chalk Rock and flints has 
proved better in some situations than either of them used alone ; 
but the proportion of rock must be larger than that of flints, and 
the latter must be broken up into smaller pieces than the limestone, 
otherwise the flints project and make an uneven surface. 


PHOSPHATIC NODULES. 


1. Phosphates from the Chloritic Marl and from the base of 
the Chalk. 


Phosphatic nodules are very common at this horizon, but vary 
very much in quantity, colour, and chemical composition in dif- 
ferent places; the black or dark brown nodules being generally 
the richest in phosphate of lime. 


They have been dug for commercial purposes at Farnham in 
Surrey, at Bentley and Froyle in Hants, near Blackgang in the 
Isle of Wight, and from the bed known as the Cambridge Green- 
sand all along its outcrop from Barton in Bedfordshire to Soham in 
Cambridgeshire, a distance of about 40 miles. The nodules of the 
Cambridge Greensand have been derived from the Gault and have 
therefore been described in the first volume of this memoir. Those 
of the Chloritic Marl, and at the base of the Chalk in the South of 
England, are more nearly of the same age as the bed in which they 
occur. 
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The phosphate beds in Surrey and Hants were discovered and 
described by Messrs. Paine and Way,* from whose account the 
following notes and analyses are taken. The characters of the bed 
itself have been briefly described in Vol. II. p. 58, but the following 
analyses show that the green marl (apart from the nodules) contains 
a certain proportion of phosphatic matter disseminated throughout 
its substance. 


A B C. D E 
Insoluble siliceous matter 21°85 | 26°25 | 32°81 | 26°83 | 39°59 
Soluble silica - 20°18 | 18°11 | 29°14 | 26°30 | 18°42 
Organic matter 6°25 | 5°95 | 3°02 | 2°64; 4°12 
Phosphoric Acid 7°80 | 10°38 | 6°61 9°31 | 6°89 
Carbonic Acid 10°91 | 10°34 | 2°30] 2°35 | 4°52 
Lime 20°58 | 19°87 | 9°53 | 15°24} 9°11 
Magnesia 1°59 87 | 1°97) 1°43 | 1°64 
Oxide of Iron and Alumina 8°18 | 6°18} 11°46 | 18°11 | 18°55 
Potash (not estimated in A, 
B, D, and E) - — — 3°10 — — 
97°34 | 97°95 | 99°94 | 97°21 | 97°84 


The samples of A and B were from the residuum of marl 
washed out of a mass of the phosphate bed weighing 30 tbs. This 
residuum was dried and sifted, the analysis A being that of the 
coarse particles and B of the fine mud. The samples C and D 
were taken from a quantity of the same marl, not washed, but 
dried in the mass and then sifted; C is the analysis of the fine 
portion which passed through ; D of that left on the sieve after all 
the large nodules were picked out: this consisted of indurated 
pieces of marl and small phosphatic fragments; E is an analysis 
of the same bed of marl from the parish of Bentley. 


The amount of phosphate of lime, calculated as bone earth 
phosphate in the samples analysed is as follows :—In A=16-08, 
in B=21°40, in C=13°63, and in D=19°22. It is probable 
that much of the soluble silica and of the iron and alumina is com- 
bined in the form of an easily decomposable silicate such as 
glauconite. 


With respect to the fossils and phosphatic nodules which occur 
in this glauconitic marl, Messrs. Paine and Way distinguished 
three different kinds. They give analyses of one of the 
branching sponges (“alcyonites”) and of the reddish brown 
phosphates, and of a sample of washed fossils of all sorts and sizes. 


— 


* Journ. Roy. Agric. Soc., Vol. ix. p. 56 to 84 (1848), 
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The analyses are given below and numbered 1, 2, 3, in the order 
above mentioned. 


1 2. 3 

Insoluble siliceous matter —- -|\ a.ag fl 7°18 9°84 
Soluble silica - - - - ja 168 3°28 2°36 
Organic matter and loss - 4°52 2°49 3°26 
Phosphoric Acid - 29°87 27°13 27°60 
Carbonic Acid - — - - = 8°77 8°77 6°96 
Lime - - -  -| 42°29 39°85 44°56 
Magnesia = °96 *81 
Oxide of iron and alumina 6°87 10°60 4°61 

100°00 100°26 100° 00 


The proportion of phosphate of lime in these samples, calculated 
as bone-earth phosphate from the several amounts of phosphoric 
acid, is given by Mr. Way as 61°30 in the first, as 55°96 in the second, 
and as 59°60 in the third; but there seems to be some mistake 
in respect to the last, for 27°60 of phosphoric acid is only equi- 
valent to 56°94 of bone-earth phosphate. There is nearly-20 per 
cent. of carbonate of lime in the first two, and 15°81 per cent. 
in the third, there being a considerable excess of lime in this last, 
which is not easy to account for. 


Another general sample of fossils dug from the adjoining parish 
of Bentley gave as much as 33 per cent. of phosphoric acid, which 
is equivalent to 68 per cent. of bone-earth phosphate. 


The only other attempt to work phosphatic nodules from this 
horizon in the South of England was in the Isle of Wight. The 
workings were begun in 1851, near the brow of Gore Cliff, on 
St. Catherine's Down, but do not seem'to have been successful, 
and were soon abandoned.* The Chloritic Marl, in which they 
occur, has been described in Vol. II. p. $0, and it seems to have 
been the upper three feet from which they were extracted, which 
we have called the Cephalopoda Bed, from the abundance of phos- 
phatic casts of Ammonites and other Cephalopoda. There are 
also some shapeless nodules and some broken angular fragments 
of phosphate. 


_The phosphatic character of these organic remains in the Isle 
of Wight was first pointed out by Captain Ibbetson, who published, 
in 1848, a little book entitled, “ Notes on the Geology and Chemical 
Constitution of the Strata in the Isle of Wight,” and gave partial 


* See Geological Guide to the Isle of Wight, by Mark Norman, Ventnor 
p. 88 (1887.) : 
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analyses of the nodules which had been made by Mr. J. C. Nesbit. 
The following are selected from these analyses :— 


Equivalent 

= Tater | ands | Tor thme” {amount of 
Per cent. Per cent. Per cent. Tons. 
Cast of a Turrilite 5° 24°26 49°79 90 
Cast of an Ammonite 6° 21°28 43°68 103 
Small spongite nodule 17° 20°20 41°60 108 
Small spongite nodule 9°76 | 19°18 39°26 114 
Cast of Ammonite 10° 23°06 A7°32 95 
Do. do. 9°6 23°44 48°10 93 
Cast of Turrilite 21° 17°23 35°36 127 
Small nodule 4°4 20°07 41°60 108 
Large nodule -  -| 22° 16°60 34°06 132 


There is another district in the south of England where phos- 
phatic nodules occur in some quantity at the base of the Chalk, 
and in a bed which extends over a large area; this is in West 
Dorset (see Vol. II, pp. 99 and 109), 


These phosphates have never to our knowledge been dug for 
agricultural purposes, nor have any good samples of them been 
properly analysed. The only notice of them which we have seen 
is in the paper by Messrs. Paine and Way, already quoted. They 
describe those found near Sutton Waldron as consisting chiefly 
of carbonate of lime. ‘In one field, however, some casts of small 
Ammonites were found, which contained a high percentage of 
phosphates. The neighbourhood is, therefore, well worthy of a 
fuller investigation.”” (Op. cit. p. 75.) 

“‘ At Mintern,” say the same authors, ‘“ both the marl and its 
fossils are of a richer character. A partial analysis of them gave 
the following results:—(1) being a speckled glauconitic marl ; 
(2) fossils and nodules in a brown marl; (3) the brown mar! itself ; 
(4) a green sandstone. 


—— 1. 2. 3. 4, 
Silica - -| 26°68 - = ~- 
Phosphate of lime -| 11°04 | 46°74 9°10 | 6°07 
Carbonate of lime - - -| 49°25 | 18°47 4°13 | 52°06 


Phosphatic nodules, similar to those at Mintern, occur at the 
base of the chalk over a large area to the westward, and are very 
accessible near Evershot and in the neighbourhood of Maiden 
Newton. 

Similar nodules occurring at Chard (see Vol. IT. p. 119) were tested 


by Mr. Way, and found to contain 10°16 per cent. of phosphoric 
acid, equal to 20°97 per cent. of bone-earth phosphate. 
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2. Phosphatic nodules at higher horizons inthe Lower Chalk. 


There are at least four other horizons in the Lower Chalk at 
which nodules containing more or less phosphate of lime are 
found: these are :— 
1. Near the base of the chalk in West Norfolk at the bottom 
of the bed which is known as the “Inoceramus Bed ” 
(see Vol. II. p. 209). 

2. Ten feet above the Chloritic Marl at Compton Bay, Isle of 
Wight. 

3. From 30 to 40 feet above the base of the Chalk Marl in South 
Dorset. 

4. At the base of the Totternhoe Stone throughout its course 

from Oxfordshire to Hunstanton, in Norfolk. 

5. In the bed known as the “Rag Bed” in the counties of 

Bucks, Beds, and Herts (see Vol. II. p. 181). 


No analysis has yet been made of the nodules that occur in the 
“Tnoceramus Bed,” but samples from the other two horizons 
have recently been tested for phosphoric acid by Dr. W. Pollard, 
Chemist to the Geological Survey, with the following results: 
A being a nodule from the Totternhoe Stone of Arlesey, near 
Hitchin, and B being one from the “‘ Rag Bed” at Butler’s Cross 
(Chalkshire), near Wendover. 


esas | é& B. 


Loss at 105° - 9 "5 
Tgnited insoluble residue - 8°6 3°6 
Phosphoric anhydride 14°4 10°3 


Dr. Pollard writes that the residue was obtained in the fol- 
lowing manner: “the substance was weighed (after drying at 
105°), dissolved in nitric acid (1°2 of water), boiled to remove CO, 
evaporated to dryness, moistened with strong nitric acid, evapo- 
rated again to dryness (to render the silica insoluble), taken up 
with strong nitric acid and hot water ; filtered, washed, filtered, 
dried, and ignited.”’ 

The amounts of phosphoric acid found in these nodules are 
equal respectively to 31°43 and 22°47 per cent. of tricalcic phos- 
phate of lime. 


Another locality where phosphatic nodules have been found 
in the lower part of the Lower Chalk is Punfield Cove, near 
Swanage (see Vol. II. p. 95), and of these a complete analysis was 
made by M. Duvillier for Professor Ch. Barrois.* The following is 
a copy of this analysis :— 


* See Recherches sur le Terrain Crétacé Supérie 1 re 
Ch. Barrois, Lille, p. 102 (1876). peut ae t Anpetatrs ms 
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Sand and clay - - + 8°40 
Soluble silica -  - - - - 1°14 
Oxide of iron - - - - 1°96 
Phosphate of lime -  - 19°91 
Sulphate of lime - - - - “91 
Carbonate of lime - - - - - 65°62 
Carbonate of magnesia - - “89 

98°83 


3. Phosphatic nodules in the Middle Chalk. 


The small nodules or lumps of hard chalk which occur in the 
Melbourn Rock are probably very slightly phosphatic, but I 
found a few green-coated nodules in this rock near Maiden 
Newton, in Dorset, and one of these was sent to Dr. Pollard to 
be tested for phosphoric acid. It was treated in the same manner 
as the others above mentioned, and gave the following result :— 


Loss at 105° - = + 14 
Ignited insoluble residue 1°5 
Phosphoric anhydride - = 6°8 


This amount of phosphoric acid is equivalent to 14°83 per cent. 
of tricalcic phosphate. 


Nodules from the bed at the top of the Terebratulina zone in the 
Isle of Wight (see Vol. II. p. 408) were analysed by M. Duvillier for 
Professor Barrois, the analysis being as follows*:— 


Clay and insoluble matter - 2°43 
Soluble silica - - “72, 
Oxide of iron - "89 
Phosphate of lime - - oe - + 4°48 
Carbonate of lime - - - - 91°25 

99°77 


It will be noticed that the amount of phosphate of lime in these 
nodules is very small, and that they are practically nothing but 
indurated chall. 


4. Phosphates in the Upper Chalk. 


These occur at several horizons, but are most widely distributed 
in the Holaster planus zone, and especially in the beds known as 
Chalk Rock. A sample taken from a large green-coated nodule, 
compact and yellowish inside, from the Chalk Rock of Henley, 
Oxon., was tested by Dr. Pollard, with the following result, the 
treatment being the same as in the previous cases :— 

Loss at 1050 - - - + 


4°3 
Ignited insoluble residue ~ ~- = = + 87 
Phosphoric anhydride - eee - 5°0 


* Description Géologique de la Craie de I’Ile de Wight, Lille, p. 19 (1873). 
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The 5 per cent. of phosphoric acid is equivalent to about 11 per . 
cent. of phosphate of lime. 

The phosphatic chalk found in the zone of Holaster planus at 
Southerham, Lewes, has been mentioned on p. 307, and the follow- 
ing detailed description of the rock is taken from Mr. Strahan’s 
account.* “It consists of a white chalky matrix, in which are 
embedded a multitude of brown grains. In weathered specimens 
these grains can be washed out with water, but the separation can 
be better effected by dilute acetic acid, which removes almost all 
the matrix, but scarcely corrodes the brown grains. . . . The 
brown grains consist largely of phosphate of lime . . . and 
resemble those of the Taplow chalk” (see below). Mr. Strahan 
found that microscopical examination showed a close resemblance 
between the phosphatic chalks from Southerham and Taplow. He 
says, “in the former the oval pellets, which were determined as 
the coprolites of small fishes, are rather more abundant and larger, 
but proportionate in size to the numerous teeth which occur. The 
prisms of Inoceramus shell are rather less common, but internal 
casts of foraminifera form a large proportion of the residues, and 
small, amber-coloured chips of bone occur equally in both. 
Further details of either chemical or microscopical examination 
of the rock would be a mere repetition of the account of the Taplow 
Chall.” 

The phosphatic chalk at Taplow had been previously described 
by Mr. Strahan.f Its stratigraphical position has already been 
discussed (see p. 219), and part of Mr. Strahan’s deseription was 
then quoted. A complete analysis of the brown Taplow chalk 
was made by Mr. Hort Player, and was given side by side with an 
analysis of the similar phosphatic chalk of Ciply, in Belgium ; 
these are quoted below :— 


Taplow Ciply 
rrr) Chalk. Chalk. 

Moisture a — 
Organic matter 2°3 2°83 
Lime 53°7 53°94 
Magnesia .- - -- "12 
Alumina and oxide of iron “9 1°01 
Potash and soda °3 “19 
Carbonic acid 28°7 28°10 
Sulphuric acid : “7 "89 
Phosphoric acid - 11°6 11°66 
Silica and sand - 5 1°96 
Fluorine and chlorine - “7 Traces. 
100°1 100°00 


* Quart. Journ. Geol. Soc., Vol. lii. p. 465 (1896). 
+ Quart. Journ. Geol. Soc., Vol. xlvii. p. 358 (1891). 
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From subsequent tests Mr. Player determined that samples taken 
from the upper and lower brown beds contained respectively 
18°6 per cent. and 35°6 per cent. of phosphate of lime. The brown 
colour of the rock was attributed by him to the presence of a sub- 
stance which he believed to be humic acid, and his identification 
was confirmed by analyses made by Dr. Tingle, under the direction 
of Professor Japp. 

Mr. Strahan remarks that a rich specimen of the Taplow rock 
contains about 65 per cent. of the brown grains, and the propor- 
tion of phosphate of lime in the brown grains is about 50°6 per cent. 
These brown grains, when isolated as a residue by washing and 
examined under the microscope, are seen to consist of the following 
particles, stated in order of abundance :—(1) Foraminifera, wholly 
or partly filled with a brown material; (2) broken prisms of Ino- 
ceramus-shell, infiltrated with phosphate of lime; (3) angular 
fragments of amber-coloured material, which proved to be chips of 
fish bones; (4) little oval pellets, which were identified as the 
excrement of small fish. 

For further particulars regarding this interesting deposit the 
reader is referred to Mr. Strahan’s description, and some of his 
remarks on the origin of such deposits are quoted on p. 373. 
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CHAPTER XXVI. 
THE PHYSICAL FEATURES OF CHALK DISTRICTS. 


Since the Chalk of England and France is a unique formation, 
lithologically different from all the other great calcareous forma- 
tions of Western Europe, it is not surprising that its surface features 
should also present special and peculiar characteristics. The 
physical features to which it gives rise under the moulding 
influence of rain and frost, the bold slopes of the chalk escarp- 
ments, the rolling undulations of the Chalk Downs or Uplands, 
~ and the softly-curving contours of the deep combes and valleys 
which lie between the hills—all these are features familiar to most 
Englishmen, and form a ‘peculiar type of scenery which cannot be 
matched in other parts of the country. : 

Each of these special sets of features, escarpments, uplands, 
and valleys merit description and illustration, with some account 
of the manner in which they have been developed. 


Chalk Escarpments. 


In this as in other memoirs of the Geological Survey the term 
escarpment is used in the restricted sense, and is applied only to the 
terminal or boundary ridge of a formation, or of any definite set 
of beds, that is to say, it means the ridge and slope along which 
such a set of beds is finally cut off, and beyond which they do not 
extend, except in the form of isolated patches or “‘ outliers.”* It 
is also taken for granted that chalk escarpments are what may be 
termed “hills of recession” ; that their frontal slopes have not 
always occupied their present position, but have gradually receded 
to it from a much more advanced position. Thus it is assumed 
that the two great escarpments of the North and South Downs 
were initiated ata time when the lower parts of the Chalk were 
continued upward from each side toward the central axis of the 
Wealden area, and were truncated by a plain of marine erosion. 

The slopes of chalk escarpments do not everywhere exhibit 
precisely the same features; the frontal slope is sometimes a 
continuous sweeping curve, at another place it is nearly a 
straight inclined line, and where the beds differ greatly in 
hardness there are sometimes two or even three escarpments one 
behind the other. Other differences of slope and absolute height 


* See Mr. W. Whitaker, “ On Subaerial Denudation,” Geol. Mag., Vol. iv. 
- p. 447, and “ Geology of London,"’Vol. i. p. 488, Mem. Geol. Survey (1889). 
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depend upon the inclination of the strata, which are in some places 
nearly horizontal and in others are inclined at angles of varying 
amount up to 40° or 45°. 


The North Downs.—In the south-east of England the escarp- 
ments of the North and South Downs are conspicuous and well- 
known features. The North Downs may be described as really 
consisting of two hill ranges, starting from the valley of the Med- 
way ; the one runs in a S.E. direction to Follestone, where it is 
cut off by the sea, the other trends about W.S.W. through West 
Kent and Surrey as far as Dorking, and then due west to Farnham, 
where it becomes lost in the undulations of the Hampshire Uplands. 


The North Downs forma nearly continuous ridge except where 
they are breached by the valleys of the larger rivers which rise 
within the area of the Weald. Viewed from the front their sum- 
mit ridge presents a nearly even and uniform line, and is rarely 
broken by any depressions or “ passes”; there are in fact only 
three such notches along its whole length, one at Lyminge, in 
Kent, one at Merstham, and one at the west end of the Hogs- 
back, near Farnham. 


The frontal slope of the North Downs, viewed from any point 
on the slope, is generally a gracefully curving line, steepest near 
the top, where the inclination is frequently about 20°. 


The actual course or run of the escarpment is seldom straight. 
Throughout Kent and the eastern part of Surrey it follows a 
decidedly sinuous line, projecting into promontories and retiring 
into “ embayments,” so that in looking along the face of the escarp- 
ment the observer does not see a continuous hill-slope, but a series 
of convex projections between which lie the hidden intervening 
embayments. 


From Dorking to Farnham, however, the course of the escarp- 
ment is very nearly straight, especially west of Guildford, where 
the ridge is known as the Hogsback, and is a straight round- 
backed ridge with an even slope to the south, without any promon- 
toriesor embayments. This difference is probably due to the differ- 
ent geologic structure of this portion of the range, for in the eastern 
area the dip of the beds is generally slight, and the vertical height 
of the escarpment is great, so that the slope is longer, while along 
the Hogsback the dip varies from 30° to 40°, and sometimes more. 


The highest part of the North Downs is the central portion, 
between Gatton, near Reigate, and the valley of the Darent, the 
summit ridge along this tract rising in many places to 800 feet. 
On the eastern range the highest point is near Deptling (657 feet), 
and thence to the sea the heights become gradually less. ‘ The 
Hogsback 1 is much lower than the more irregular part of the range, 
only rising to 500 feet at its eastern end and falling thence to 
between 300 and 400. 
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Along the greater part of the North Downs the escarpment 
ridge is the dominating feature, and from it the ground falls gradu- 
ally northward till it meets the smaller escarpment of the Hocene 
Beds. But in the district west of the Medway there is for a short 
distance a second escarpment, parallel to and behind the main 
ridge, which has been described as follows by Professor T. McK. 
Hughes.* “There is a curious feature in the Chalk district 
south of Chatham. The country slopes northward from the 
escarpment with the usual characteristics, . . . but there is a 
second escarpment running S.E. from Chatham, parallel to the 
true escarpment, for about 34 miles. On the northern side of this 
we find the hard beds described (previously, see p. 163), and to 
these the feature is probably due. From this second escarpment 
there is a slope to within about three-quarters of a mile of the 
alluvium, where the Thanet beds come on.” 

The South Downs.—Of these Mr. Topley wrote as followst:— 
“The chalk escarpment has a far more uneven outline throughout 
Sussex than it has on the north through Kent and Surrey. . . . 
Very rarely do we find the crest of the Southern Chalk escarpment 
forming a flat surface, but it has a waved, undulating outline. The 
hollows are not always deep, but sufficiently so to make walking 
along the edge of the escarpment a tiring though pleasant task. 
Generally, the edge of the escarpment is quite bare of any super- 
ficial covering ; but if, as is the case in Kent and Surrey, there were 
a covering of clay with flints, a drift map showing this would 
give a succession of small outliers, whereas, on the north of the 
Weald this clay with flints often caps the escarpment uninterrupt- 
edly for several miles.” 

The depressions mentioned by Mr. Topley always lead into 
combes on the southern side of the ridge, and he suggested that the 
South Down escarpment was in a later stage of development than 
the northern escarpment, that it had retreated more rapidly since 
the valleys had been commenced, and by this recession had broken 
into the heads of these valleys. This may be so, but I think there 
are other circumstances which should be taken into account. 
The South Downs are on the whole nearer to the sea than the 
North Downs; consequently the Chalk valleys have shorter 
courses with a proportionally greater slope, conditions which would 
probably cause a more rapid rate of erosion. Again there is a 
considerable difference in the amount of rainfall; in western 
Sussex the average annual rainfall along the higher parts of the 
Downs is stated to be 36 inches.| The average amount falling 
on the North Downs is not so much as this—it is said to be about 
27 at Aldershot, and a little less than that at Croydon. 


* Mem. Geol. Survey, Vol. iv. p. 360 (1872). 

t ‘Geology of the Weald, p. 265, Mem. Geol. Survey (1875). 

¢{ See H. R. Mill on the authority of Mr. Symons in “ Geographical 
Journal,”’ Vol. xv. p. 226. 


PHYSICAL FEATURES OF CHALK DISTRICTS, 405 


Considering these facts, it seems to me that the process of valley 
making may have been rather more rapid in Sussex than in Surrey, 
and consequently the heads of the combes which furrow the 
southern slope of the escarpment ridge may have been eaten back 
so as to notch this ridge. Of course, both processes, the recession 
of the escarpment itself and the excavation of the valleys on its 
southern versant, must have gone on at the same time, and it is 
quite possible that both processes have been rather more rapid 
in Sussex than in Surrey or Kent. 

One of the most notable passes through the ridge of the South 
Downs is that south of Cocking, through which both road and 
railway has been carried from Midhurst to Chichester. Although 
the escarpment ridge on each side of this truncated valley rises 
to over 700 feet, the watershed in the pass itself is only about 
350 feet above the sea. Fig. 69 is a section across this valley 
from west to east, and shows what a deep notch it makes in the 
continuity of the escarpment. 
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Fic. 69.—Section across the Pass at Cocking. 


Based on that given by Mr. H. R. Mill, “ Geographical Journal,” 
Vol. xv., p. 221. 


The highest parts of the South Downs are in two separate dis- 
tricts, (1) the portion between Buriton and Bignor, where the 
summit ridge is frequently 750 and sometimes 800 feet above 
O.D., (2) the range of hills between Clayton and Lewes, which 
rises in Ditching Beacon to 813 feet. 

The course of the South Down escarpment is still more irregular 
than that of the North Downs, for though its general trend is 
persistently from west-north-west to east-south-east, yet its con- 
tinuity is interrupted not only by the great gaps of the rivers 
Arun, Adur, and Ouse, but also by three remarkable embay- 
ments which are due to its intersection by a nearly parallel line 
or lines of flexure. The first of these is near Bignor, and is due 
to the influence of an anticline running nearly east and west 
along the Dean Valley. The next is due to the Greenhurst anti- 
cline, which enters the chalk near Poynings, deflecting it to the 
north for about three miles and producing what may be called 
the Poynings embayment. The third occurs where the con- 
tinuation of this flexure passes out of the chalk area, south of 
Lewes, and this may be called the Beddingham embayment. 

These anticlines give rise to a second and subsidiary escarpment, 
and that portion of the escarpment-ridge which crosses the valleys 
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of the Arun and the Adur is really a part of this more southern 
subsidiary scarp, the main escarpment which once ran from near 
Pulborough to Henfield having been completely breached and 
destroyed. 
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The Vale of Wardowr.--The difference which the angle of dip 
makes in the height and form of a chalk escarpment is well illus- 
trated in the Vale of Wardour (seeVol. IT. p.146). On the south side 
of the Vale the inclination of the beds is slight, and there is con- 
sequently a bold escarpment, consisting mainly of the Lower and 
Middle Chalk, and rising in most parts to more than 200 feet 
above the plain at its foot. On the northern side of the Vale the 
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dip is much greater, varying from 10 degrees to 35 degrees, and 
there is a fault which in some places cuts out part of the Lower 
Chalk, but even where the Lower and Middle Chalk crop out in 
complete sequence they do not form an escarpment like that on 
the other side. On the contrary, their outcrop lies in a narrow 
valley or trough between the escarpment of the Upper Greensand, 
and a plain or gentle slope of Upper Chalk. 


Fig. 70 is a section across a part of the district which is not 
dislocated by the fault, and it shows the subsidiary position occupied 
by the escarpment of the Chalk which is actually dominated by 
the ridge of the Upper Greensand ; this reversal of their usual 
relations being entirely due to the high inclination of the beds. 


The features of the Vale of Wardour appear to have been sculp- 
tured out of a plane of denudation which sloped from east to west. 
When this plane first came under the influence of subaerial agencies 
the rain which fell on its surface naturally gathered into streams 
which ran eastward, and the rivers Wily, Nadder and Ebble are 
the descendants of these streams. The formation of the Vale of 
Wardour and of its escarpments has been well described by the 
Rev. W. R. Andrews,* from whose paper the following extracts 
are taken :— 


“On the north side of the district we get continuous relics 
of the original plain, for the central ridge of the Chalk Downs 
is there covered with ‘clay-and-flints’ for a distance of many 
miles—showing it to be a surface of some age and unlike that 
of the bare Chalk hills lying below on either side of it. 


“That [original] slope we may see by noticing the gradual 
fall in the height of the Downs, when passing from west. to east. 
Looking at the heights, we find an elevation of 720 feet at the 
west end of Great Ridge Wood, while there is only an elevation 
of 520 feet at the east end of Grovely Wood, showing a fall of 200 
feet in ten miles, or 20 feet per mile. 


“On the south side there are relics of old gravel with pieces 
of Upper Greensand chert along the top of the Downs, and the 
same general fall may be observed as on the northern side of the 
Vale. . . . Over this plain the original stream found its way, taking 
probably a more serpentine course than it does now.” After 
describing the formation of the Greensand escarpments, Mr. 
Andrews continues :—‘“‘ The chalk escarpments of the Vale were 
started by the erosion of the Nadder as banks when it serpentined 
over the intervening Greensand, but when the main stream no 
longer touched their base, as it was kept within the channel it 
had cut in the Gault, longitudinal streams flowing into the side 
streams continued the erosion. The water-level at that time 
stood higher in the Chalk hills than it does now, and issuing as 


* Wiltshire Arch. and Nat. Hist. Mag., Vol. xxiv. p. 258, 1891. 
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springs flowed right and left, still further cutting away the 
base of the Chalk. Before the Broad Chalke Valley was cut down 
so deeply, springs would be thrown along the south side of the 
Chalk Downs, as they are now on the northern side, and at a much 
higher level. These lines of drainage are clear along the north side, 
though they are less clear on the south side, being obliterated by 
subsequent rain action. While this river-action at the base of the 
escarpment was going on, landslips, no doubt, often took place, 
and thus the hills retreated to their present position.” 


Dorsetshire.—This county also presents us with two types 
of chalk escarpment, (1) that which runs southward from Mel- 
bury, near Shaftesbury, and is continued toward the south-west 
as far as the village of Stoke Wake, where it is again deflected 
southward to Melcombe Bingham; (2) the western range of 
Chalk hills between Melcombe Bingham and Cheddington, to- 
gether with the broken escarpments west of Maiden Newton. 


The first of these ranges presents a normal aspect, for though 
the front of that part which runs south from Melbury Hill is 
much indented by fine combes, yet its summit ridge is continuous 
and has a nearly level top sloping very gradually from north to 
south, and bearing on its surface a gravelly soil of greater or less 
depth. Its other portion west of the gap through which the 
Stour runs is less broken by combes and presents a very bold 
and steep face with a continuous summit ridge capped through- 
out by “ clay-with-flints.” It is evident that these ridges are 
parts of an ancient plane of erosion or denudation. 


West of Melcombe Bingham, however, the features of the escarp- 
ment are very different, for it is by no means continuous, but 
is broken by a number of gaps or passes which form the heads 
of valleys opening southward and occupied by streams flowing 
in that direction. In some of these gaps the chalk is completely 
cut through and the Greensand exposed not only on the water- 
shed but for some distance down the valley ; this is notably the 
case in the valley of the Cerne. The brook which is regarded 
a3 the head water of the Frome has cut its channel through the 
Greensand for a distance of more than four miles, from Evershot 
to Maiden Newton and the Toller brook which joins it at that 
place from the west has cut down to the same horizon, so that 
the tract of chalk which extends to the north-west by Beaminster 
to Cheddington is completely isolated from the rest of the Chalk 
country and beyond it are a few small outliers which mark the 
former extension of the Chalk escarpment into Somerset. 


If we seek for the cause of this broken-up condition of the western 
portion of the Chalk escarpment we soon perceive that the general 
course of the principal valleys in this district is from north to south. 
It seems tolerably certain that when the courses of these valleys 
were first marked out the main watershed of the country lay far 
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to the north of its present position.* Here, in fact, the explanation 
suggested by Topley for the passes in the South Downs is much 
more obviously true; the valley-system was commenced long 
before the escarpment had receded to its present position, and 
the valley-passes which interrupt its continuity are the truncated 
parts of valleys which once extended much farther northward. 
We may therefore infer that this portion of the escarpment has 
receded much more rapidly than the more easterly portion. An 
examination of its frontal slope confirms this idea, for it is cum- 
bered in many places with landslips, and some of these are of recent 
date, so that we may even say that the recession of the scarp is 
still in progress. : 

Moreover the very same cause above indicated as responsible 
for the broken state of the western part of the Chalk escarpment 
will also account for the unbroken condition of the eastern part 
between Melbury and Stourpaine, for this range must have origi- 
nated as the bank of a stream flowing southward into the Stour ; 
part of this valley indeed still remains north of Stourpaine, and 
the Iwerne brook which runs through it may be regarded as 
the reduced representative of the longer stream which rose some- 
where to the west of Melbury Hill. It is clear that a ridge which 
forms one side of a tributary valley and is parallel to the general 
run of the drainage system is not likely to be cut back so rapidly 
as a ridge which crosses the general line of drainage and is traversed 
by many transverse valleys. The small portion of continuous | 
escarpment west of Okeford has probably been preserved because 
it lay originally on the southern side of a valley whose waters 
drained eastward into the Stour. 

North Wiltshire.—The Chalk-escarpments of the Vale of Pewsey 
are of the normal kind and have a general resemblance to those 
of the North and South Downs, corresponding even in the fact’ 
that the northern range has a continuous unbroken summit 
ridge, while the southern range is much more irregular with at 
least two gaps or passes besides the wide one which gives passage 
to the river Avon. 

Further north, however, in that part of Wiltshire which lies to 
the north of the Kennet Valley there isa peculiar arrangement 
of escarpments which deserves attention. In this district there 
is an outer escarpment formed of the Upper Greensand and Lower 
Chalk, and an inner one consisting chiefly of Middle Chalk capped 
by more or less of the Upper Chalk. The ridge of the outer 
escarpment attains a height of 700 feet near Clyffe Pypard, falling 
gradually thence, both toward the south and the east, to levels 
of about 560 feet. The inner escarpment rises from about 660 feet 
to heights of nearly 900 feet on Hackpen Hill and Liddington 
Hill. 


* See The Origin of the Valleys in the Chalk Downs of North Dorset, 
Proc. Dorset Nat. Hist. and Ant. Field Club, Vol. xvi. p. 5. 
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The two escarpments are about five miles apart to the east of 
Calne, but the distance between them becomes gradually less 
to the north-east, till in White Horse Hill they are again united 
in one slope. The cause of this wide separation of the outcrops 
is not very clear, but the high level to which the base of the Green- 
sand rises on the outer slope may have something to do with it, 
and we must remember also that the district is part of a great 
central watershed, whence streams flow westward to the Gloucester- 
shire Avon and eastward into the Thames. 


Fig. 71 is a section across these two escarpments along a line 
where they are about three miles apart, it shows the long and gentle 
easterly slope of the Lower Chalk to the course of the Winterbourn 
brook and the gradual rise thence to the scarp of Hackpen Hill, 
which forms the border of the Marlborough Downs. The surface 
of the Lower Chalk forms a broad high-level terrace or plateau 
which varies little in general elevation, but the upper escarp- 
ment is a ridge of irregular height and its inner slope is carved 
out into a series of ridges and combes. 


In Berkshire, near Wantage, the Lower Chalk again separates 
itself from the higher parts of the formation and forms a low 
subsidiary escarpment (see Fig. 72), while the outcrop of the 
Melbourn Rock forms a second terrace between that of the Lower 
Chalk and the summit ridge of the escarpment The width 
of these two terraces varies much, but they are more or less de- 
veloped all along the Berkshire outcrop and into the valley of the 
Thames. 


The Chiltern Hills.—In the Chiltern range, and in its northerly 
continuation through the counties of Bedford and Hertford, the 
frontal contour of the escarpment varies considerably, but as a rule 
the outcrop of the Melbourn Rock forms a conspicuous feature and 
leads to the development of a step or terrace between the slope 
of the Lower Chalk and that of the Middle and Upper Chalk. 

In the more northern part of the range, where the Totternhoe 
Stone is well developed and the dip of the beds is very slight this 
bed also forms a feature, and there are then three slopes, each form- 
ing the border or descent from a step or terrace of greater or 
less width. 


From the Thames Valley, as far as Bledlow, in Bucks, the escarp- 
ment is a continuous ridge, but beyond that its upper level, or 
the portion above the outcrop of the Melbourn Rock, is broken 
by broad gaps or passes, which are connected with valleys opening 
to the south or south-east. These gaps seem to be truncated 
parts of valleys which were excavated out of the former extension 
of the Chalk plateau, at a time when the line of its escarpment 
held a much more advanced position to the north-west. The 
depressions formed by these truncated valleys cut up the present 
escarpment into separate blocks, the frontal slopes of which stand 
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out beyond the recesses in which these high-level valleys now 
terminate. 

White Cross Hill, west of Risborough, is one of these projecting 
blocks, on the slope of which a large cross has been eut out of the 
short turf. “It is also remarkable for the small conical hills at 
its northern and southern promontories. To an observer stand- 
ing on either of these terminal hills it does not seem difficult to 
understand the method of their formation. Both slopes of the 
promontories are indented by depressions formed by the detritive 
action of rain, and leading down into the combes on either side. Two 
of these depressions have in each case been so widened and extended 
by the rain directed into them that they have met on the summit 
of the ridge, and have formed a col or depression across it, so as 
to cut off the terminal portion of the promontory. The northern 
hill is still capped by a platform of Chalk Rock, and is united to 
the main mass by a [narrow] neck of that bed; the other is 
entirely separated, and only a few fragments remain of its former 
rock-cap.”’ * 

Such semi-detached hills illustrate the manner in which all 
outliers have been isolated, and also explain the conical form of 
many hills from which the original capping of hard rock has been 
removed. 

Another fine example of such conical hills occurs near Kimble, 
and stands in front of Long Down. “The combe forks at the 
base of the hill, and the two branches have already cut their 
channels in such a way as to meet again. In time the gradual 
dissolving away of the chall along these channels may make the 
hill still more detached, like the one further off on the right.” 
(Whitaker, op. cit. p. 489.) 

Chequers Park, which includes part of the escarpment range 
above Great and Little Kimble, is one of the most beautiful 
demesnes in England, with its combes and wooded slopes, its 
“Velvet Lawn” and “‘ Cymbeline’s Mount.”’ In 1889 I wrote 
of this as follows :—“‘ The escarpment is very steep, and is trenched 
by some magnificent combes, several of which remain in their 
natural state, the slopes being partly covered with short green 
turf, partly with thickets of box, and partly with copses of trees, 
the whole forming a piece of scenery unsurpassed by that of any 
other place along the escarpment.” (Op. cit. p. 489.) The 
floors of the combes form even grassy walks, and it is one of these 
that. is known as Velvet Lawn. Cymbeline’s Mount is a small 
conical hill, apparently crowned by a tumulus, so that it is partly 
natural and partly artificial. 

Hertfordshire, Cambridgeshire, and Suffolk.—Near Hitchin the 
tract of country occupied by the outcrop of the Lower and Middle 
Chalk widens out considerably, and instead of there being one 


* Quoted from the “ Geology of London,” Mem. Geol. Survey p. 488 
(1889'. 
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dominant escarpment, with one or two terraces in its descent, 
it separates into three definite escarpment-ridges, each with its 
steeper frontal slope, and its more gently-inclined backward slopes, 
the outer ridge corresponding.with the outcrop of the Totternhoe 
Stone, the second one with that of the Melbourn Rock, and the 
third with that of the Chalk Rock, this last being almost 
always the boldest and the highest. In this way the outcrop of 
beds, which in the South of England are often comprised within 
a single slope not more than a quarter of a mile broad, is spread 
out over a tract of country which is often from five to six miles 
in width. 


These features continue to present themselves as far as the 
neighbourhood of Newmarket, but between that town and Bury 
St. Edmunds the upper escarpment gradually declines in height 
and ceases to exist. This may be partly owing to the dying out 
of the hard Chalk Rock, which seems to disappear simultaneously, 
but I think it most probable that this escarpment was originally 
continued through the northern part of Suffollx and into Norfolk, 
though perhaps its features were always less pronounced than 
they were in more southern counties. If this was the case, its 
ridge has been completely planed down by the ice of the Glacial 
Period, and the whole region has been covered with a mantle of 
Glacial Drift, through which the Chalk now peeps out in irregular 
patches. 


Lincolnshire and Yorkshire.—In Lincolnshire the escarpment 
of the Chalk once more becomes a conspicuous feature, but it 
differs in some respects from those which have been described 
above. Thus the thickness of chalk which crops out below its 
summit ridge is small (less than 100 feet), and the greater part 
of the frontal slope consists either of Lower Cretaceous beds or 
of Jurassic clays, according as the Chalk oversteps the one series 
on to the other. Thus the escarpment of the Chalk itself is only 
the upper part of the slope which forms the descent from the 
Wolds. Again, there is seldom any second slope or rise from 
the outcrop of the Lower Chalk to that of the Chalk with flints, 
and as a rule the escarpment-ridge is the dominant feature, forming 
a continuous watershed, and separating the valleys of the Wolds 
from those of the country to the westward. 


There are, however, two breaks in the continuity of the escarp- 
ment, one near the southern end, where the valley of the Calceby 
beck cuts completely through the Wolds, running from west to 
east ; the other north of Donnington, where it is deeply indented 
by the head waters of streams which unite to form the river Bain. 
Beyond this point, and all through North Lincolnshire, there is a 
continuous escarpment-ridge, except that at Melton Ross there 
is a well-marked depression or pass, which appears to be a truncated 
valley. Everywhere the frontal edge of the escarpment is a more 
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or less sinuous line, with frequent combes and recesses, whieh 
have been eaten out by, the action of rain and springs. 

In Yorkshire there is once more a change, for along the western 
border of the Yorkshire Wolds the Chalk can hardly be said to 
form an escarpment. There is no regular slope rising steeply 
from the Jurassic plain into a continuous dominant ridge; on 
the contrary, in the southern part of the area and as far north 
as Huggate, the watershed is an irregular line running through 
the Wolds at some distance from their western border, and -the 
western versant is furrowed by deep valleys, which drain into 
the river Derwent. Consequently, when viewed from the west 
the Wolds have the appearance of an undulating range of hills, 
and a transverse section generally shows first a slope formed 
by the Lower Chalk, and further east a longer one formed by 
the Chalk with flints (see Fig. 67). 

It is only along the northern border from Knapton eastward 
that there is a continuous escarpment-ridge, and even this is 
interrupted by the Hunmanby fault, which carries the Chalk 
on one side below the alluvium of the Vale of Pickering. The 
ridge, however, is continued eastward from Hunmanby till it 
is cut off in Speeton cliffs. 


Chalk Uplands. 


Behind every Chalk escarpment there is a tract of greater or 
less width, which may be called an “upland,” inasmuch as it 
consists of high round-backed ridges of chalk, branching out from 
the summit of the main escarpment; each such ridge dividing 
into shorter ridges, divided from each other by deep combes or 
valleys. 

These Chalk uplands, when bare of surface deposits, form open 
“downs,” covered with short turf but without trees, though 
on their slopes scattered bushes of box and juniper are sometimes 
to be seen, and sometimes a few gnarled old thorn bushes. When, 
however, the ridges are capped by a surface deposit of brickearth 
or of clay-with-flints, they bear (or formerly bore) extensive woods, 
sometimes of small oaks and thorns, but more frequently of fine 
beech trees. Of such beech woods good examples are still to be 
seen on the Chiltern Hills and on Cranborne Chase, but even 
there they have been much reduced during the past century, 
large tracts having been enclosed, deforested, and converted into 
arable land. 

The scenery of such Chalk uplands is probably familiar to most 
people who have lived in the south or east of England, and it has 
been described by several popular writers, notably by Charles 
Kingsley in his “Yeast,” and by R.D. Blackmorein “ Alice Lorraine.” 

But besides such uplands as lie behind the ranges of the North 
and South Downs, and that of the Chiltern Hills, there are some 
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Chalk districts of larger size which merit some special description ; 
these are the Hampshire Downs, Salisbury Plain, Cranborne 
Chase, Marlborough Downs, and the Wolds of Lincolnshire and 
Yorkshire. 


The Hampshire Downs.—The chalk region of Hampshire forms, 
with Salisbury Plain, the largest tract of chalk-land in the whole 
country. It occupies about half the surface area of Hampshire, 
occupying all that part of the county which lies to the west 
of the Weald. The hills which form its eastern border are often 
called the Alton Hills ; they rise above the escarpment of the Lower 
Chalk, and form a very irregular second escarpment, rising in 
places to more than 700 feet. To the northward the ground gra- 
dually rises into another range of hills, which pass round the 
southern. border of the Vale of Kingsclere, and the Vale of 
Shalbourn, and two of their summits rise to over 900 feet. Inthe 
south there is also some high ground, between Meon and the valley 
of the Itchen, forming a continuation of the South Downs. 


These hill-ranges are, however, only the highest parts of a 
wide tract of undulating country which may well be called the 
Hampshire Uplands, for there are few parts where the chalk 
ridges do not rise to 500 feet above the sea. It consists, in fact, 
of a succession of broad-rolling downs intersected by a branching 
network of valleys: Between Odiham and Bishop’s Waltham 
it has a width of twenty-three miles from north to south, and 
in the north-west of the county its width is about twenty-one 
miles. A fine view of the western part of these uplands may be 
obtained from any of the hill-tops between Highclere and Inkpen 
on the northern border, and the following description of this view 
is-from the pen of the late Mr. H. W. Bristow :— 


“From these lofty heights the eye commands, on a clear day, 
a view over a wide extent of beautiful scenery in all directions : 
looking towards the south the eye ranges over a broad and un- 
dulating landscape, composed for the most part of brown, 
turf-covered. hills, with bold, rounded sides, and deep waterless 
valleys ;, both, as a general rule, bare of trees, and either in a state 
of nature, or only under cultivation here and there. Such is the 
general aspect of the [nearer portion], but stretching away into 
the distance is the more gently undulating tract of the Upper 
Chalk, whose valleys, well watered by streams and rivers and 
adorned with trees, give rise to scenery of a [different] kind.” 


The population of the district is scanty, and such towns and 
villages as exist are ranged along the courses of the streams. The 
presence of these streams is due to the high general elevation of 
the region dnd the consequent high level to which the subter- 
ranean plane of saturation (or water-level) rises in the central 
parts. The main drainage of the upland is carried off by the 
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Rivers Test and Itchen, which flow southward. These watered 
valleys are of the type which has been well described by Kingsley :— 
“Of all the species of lovely scenery which England holds, none, 
perhaps, is more exquisite than the banks of the chalk rivers ; 
the perfect limpidity of the water, the gay and luxuriant vegeta- 
tion of the banks and ditches, the masses of noble wood embosom- 
ing the villages, the unique beauty of the water-meadows—living 
sheets of emerald and silver, tinkling and sparkling, cool under 
the fiercest sun, brilliant under the blackest clouds.” 

Salisbury Plain is the western continuation of the Hampshire 
Uplands and the description above given is equally applicable 
to this district, which is not truly a plain but a wide expanse of 
undulating country; its rounded ridges rise one beyond another, 
hiding the intervening vales, but it is seldom that one overtops 
its neighbour, so that those in the distance seem to form parts of 
a nearly level plain. 

Salisbury Plain is bounded on the north by the Vale of Pewsey 
and by the westward continuation of its southern escarpment 
to Westbury; on the south-west it is limited by the valley 
of the Wily, and on the south by the Avon valley, near 
Salisbury. It is drained by one river (the Avon) and three bournes, 
which are only watercourses during the winter months and in 
wet seasons; all of them run from north to south. 

The extreme length of the plateau from the eastern border 
of Hampshire to the hills above Warminster is about twenty-five 
miles, and its width across the centre from Wilton to Wivelsford 
Hill is fifteen miles. If Salisbury Plain were reduced to one level 
by paring off the ridges to fill up the valleys, its surface would 
still probably be about 500 feet above the sea, so that it is truly 
an upland region. 

The following general description of the chalk lands of Wilt- 
shire, applicable both to Salisbury Plain and to Marlborough 
Downs, is quoted from the Rev. J. Sowerby’s account of its topo- 
graphy in the Rev. T. A. Preston’s volume on the “ Flowering 
Plants of Wilts” *:—‘“The great characteristic of the chalk 
plateau is its vast extent of grass-land, where sheep are extensively 
pastured. This space is more broken up each year for cultivation, 
but often exhibits great tracts of grass with only occasional patches 
of furze. . . . The Upper Chalk hills were once, it is pro- 
bable, covered with extensive copses, chiefly thorns: remains 
of these still occur here and there, and individual trees of great 
size, some yet extant, others only traditional, attest the former 
existence of a primeval wood. Monotonous as the surface of 
the downs may seem to he, the changes that present themselves 
are often singularly picturesque and varied. After passing, it 
may be for hours, over the gently-sloping grass-plains—all blue 


* Published by the Wiltshire Arch. and Nat. Hist. Society in 1888, 
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above, all green below—the traveller suddenly sees below him 
a village embosomed in woods, with its picturesque church tower 
surrounded by fertile and well-tilled land.” 

The Dorsetshire Downs.—Another large area of Chalk-upland 
commences in the extreme south of Wiltshire (Cranborne Chase), 
and stretches southward through the northern part of Dorset- 
shire. On the north it is limited by the scarped range of hills 
which overlooks the Vale of Broad Chalke, and which consists of 
Lower, Middle, and Upper Chalk; on the west its border is the 
Main Chalk escarpment, and on the south-west there is the valley 
of the Stour from Blandford to Wimborne, but this only separates 
the tract above indicated from the slightly narrower tract of 
upland which forms the northern lip of the Dorchester basin. 

The descriptions already given of the Hampshire Downs and 
Salisbury Plain will apply almost as well to the Dorsetshire 
uplands, except that the summits of the downs are often somewhat 
broader and flatter, and that much more of the surface is covered 
by woods. Cranborne Chase was originally all woodland, and 
though some clearings have been made in it of late years, much 
of it is still wooded, though chiefly by small trees such as thorns, 
hazels, and hollies. On the west also, south of Ashmore, there 
are some fair-sized woods, but farther south there are open downs 
covered only by grass, furze, and bracken, while the valleys are 
all cultivated. 

The general slope of the district is to the south-east, in which 
direction the chalk eventually passes beneath the outcrop of the 
Eocene beds. The average width of the challx land is about ten 
miles, and it is drained by two small streanis—the Tarrant Water 
and the Allen—the upper parts of which run south-east, but are 
afterwards deflected to join the Stour. 

The other Chalk-uplands in Dorsetshire, to the north and west 
of Dorchester, exhibit the usual features of such country, and do 
not require any special description. 

The Yorkshire Wolds.—In the more northern counties the only 
large area of Chalk-upland is that of the Yorkshire Wolds. Those 
of Lincolnshire form a long strip of chalk-land, but are nowhere 
of any great width, varying only from four to six miles across. 
The Yorkshire Wolds are equally narrow in their southern part, 
but broaden out northward, and as they curve round the town 
of Driffield their width becomes as much as ten or twelve miles. 

Some of their features have already been described (see p. 414), 
and it has been mentioned that from the Humber to Huggate 
Wold (a distance of about twenty-three miles) there is no escarp- 
ment ridge, but a watershed which follows a more or less medial 
line between the western and eastern borders of the Wold country. ° 
Towards the north-west this watershed rises in some places to a 
height of 700 feet, while the Lower Chalk on the outer margin 
of the Wolds reaches little more than 600 feet. 

6821 Dob 
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It results from this arrangement that the valleys of these Wolds 
do not all trend eastward, as they do in Lincolnshire, but form 
two separate and divergent systems; the one set running west- 
ward, and cutting through the outcrop-slope to drain into the 
River Derwent; the other set opening eastward into the flat of 
Holderness. Even in the northern part of the Wolds, where 
there is an escarpment-ridge, the valley system is very irregular, 
most of the smaller combes opening into the long valley of the 
Gipsey Race, which runs from west to east or parallel to the general 
strike of the beds. 

There is only one valley which runs across the whole breadth 
of the Wolds ; «this has its highest branches among the hills east 
of Acklam, and has a length in a winding course of more than 
fifteen miles before reaching Driffield. Nearly all the valleys are 
of the waterless type usual in chalk-uplands, the only one occupied 
by a permanent stream being that of the Gipsey Race, above men- 
tioned, and this often called the “Great Valley of the Wolds.” 


The Valleys of Chalk Districts. 


The valleys which traverse the Chalk uplands may be divided 
into two classes—(1) the transverse valleys which breach the escarp- 
ments and are occupied by rivers rising outside the Chalk area ; 
(2) the irregular branching system of -valleys which commence 
inside the escarpment and seldom carry permanent streams. 

With the great transverse valleys, such as that of the Thames, 
or those of the Arun and the Adur in Sussex, we are not concerned 
in this memoir, for they form part of the larger river-system of the 
country ; and our attention is claimed by the valleys which lie 
wholly within the Chalk areas. 

If anyone climbs the frontal slope of a Chalk-escarpment, say 
that of the North Downs or of Salisbury Plain, he will find on 
reaching the top that he does not stand on a broad plateau as he 
might have expected, but on a comparatively narrow “ ridgeway,”’ 
which is only flat for the width of a few hundred yards, and then 
curves down into a combe or is continued out into a long and 
equally narrow round-backed ridge between two combes or dry 
valleys. The panorama before him is in fact one of an intricate 
series of alternating ridges and valleys, the ridges ending in 
beautifully-rounded curves and the valleys opening one into another 
till their connection is lost in the distance. Fig. 73 represents 
an excellent case of a single series or group of small valleys 
carved out of a corner of Salisbury Plain. 

If the explorer descends into one of these convergent combes he 
will not in ordinary seasons see any sign of water, and if he examines 
the floor of the larger valley into which the combe conducts him, 
he will notice in many cases that it is uneven, undulating slightly 
in a way that it would not do if it was ever occupied by continually 
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Fic. 73.—Sketch Map of a Group of Valleys on Salisbury Plain, South 
of Urchfont and Cherrington. 


Copied from the old Ordnance map (Sh. 14). Scale one inch to a mile. 


running water, even for a few weeks in the year. Possibly, however, 
after he has walked for a mile or two he may come to a spot in the 
valley-way where a curious cup-shaped hollow presents itself, and 
beyond which there is a distinct watercourse. In ordinary 
summers this watercourse will be dry, but in wet seasons and per- 
haps during every winter it will be occupied by running water, 
which rises as a spring from the hole or hollow aforesaid. Such 
occasional or periodical streams are generally called bournes or 
winterbournes, but in Sussex are known as lavants. 

The dry valleys which ramify into the heart of the Chalk-uplands 
(as shown in Fig. 73) have steeply-sloping sides, often steeper 
than the slope of the escarpment itself, they are deep, and the whole 
district presents the aspect of a country which has once been full 
of running brooks and streams, and out of which a deeply cut 
system of drainage has been developed by such agencies. The 
existence of such valleys in districts which at the present time 
are practically waterless has struck many observers as remarkable 
and as a fact demanding explanation. 

The dryness. of chalk-uplands is not due to any lack of rain, for 
of course more rain falls upon them than on the inland plains, but 
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chalk is such an absorbent rock that the rain which falls upon it 
soaks into the soil very quickly, and the little rills that do run down 
the valley slopes after rain disappear at the bottom before they 
can gather into a volume of running water. Only twice in my own 
experience have I seen a dry chalk-valley converted temporarily 
into a river. One occasion was in the summer of 1875, after three 
days’ rain, when all the valleys which radiate from the Gog-Magog 
Hills near Cambridge became watercourses ; the other time was 
in July, 1883, at Rothwell, in Lincolnshire, when the roadway 
along the valley became a watercourse, and part of it, for a 
distance of 80 yards, was covered with fine chalk-gravel washed 
down from the fields above, and other parts of the roadways 
were torn up into holes and runnels. 

The rarity of such occasions makes it probable that the valley 
system of the chalk-uplands was formed under conditions which 
no longer exist, and we have therefore to consider what conditions 
may or must have existed in the past which would facilitate the 
erosion of valleys out of the chalk. Several such conditions have 
been indicated, and three of these can certainly be recognised as 
efficient causes, though one of them may have operated more com- 
pletely in the more northern areas than in the southern. 

These conditions are—(1) the cover of impervious clays which 
once spread over the Chalk areas; (2) the frozen state of the 
ground during the Glacial period ; (3) the probable larger rainfall 
over the British area when the Glacial period was passing away. 
The last might not be very effective by itself, but in conjunction 
with either of the other two a greater rainfall would certainly 
cause more rapid erosion of valleys. 

The second is doubtless to be regarded as one of the final causes 
which led to the deepening of the valleys and especially to the 
formation of those deeply-incised combes which occur in such close 
proximity to the escarpment ridges. Mr. Clement Reid was the 
first to indicate the effectiveness of this cause, especially in the area 
of the South Downs,* and the following is quoted from his paper 
on the subject. After referring to a time when the ground must 
have been frozen into a solid mass to a considerable depth as it is 
now in Siberia and ‘parts of Canada, he remarks :—‘‘ This would 
modify the entire system of drainage of the country in a way which 
I do not think has been realised. All rocks would be equally and 
entirely impervious to water, and all springs would fail; while 
these conditions lasted any rain falling in the summer would be 
unable to penetrate more than a few inches. ‘Instead of sinking 
into the chalk or other pervious rock, and being slowly given out 
in springs, the whole rainfall would immediately run off any 
steep slopes like those of the Downs and form violent and transitory 
mountain torrents .... Each of these floods would have an 


* Quart. Journ, Geol. Soc. Vol. xliii. p. 364 (1887), 
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enormous scouring and transporting power .... This I believe 
was the origin of our steep-sided combes and of the Coombe Rock. 

It may be added that even when the climate was so far amelio- 
rated that the ground no longer remained frozen through the 
summer, such action would still go on in the spring of the year, 
and Dr. Hinde stated (Loc. cit., p. 373) that in Canada, “ where 
the ground is solidly frozen to a certain depth each winter, a 
greater amount of denudation is effected in twenty-four hours, 
at the sudden break-up of the frost in spring, than takes place 
during the whole of the rest of the year.”’ 

But while these conditions help us greatly in understanding 
the formation of the deep coombes and short valleys in the higher 
parts of the Downs, we must remember that this cause can only 
have operated during the period of Glacial cold, and that we have 
very good reasons for believing that the main valley system of the 
Chalk areas was established long before the Glacial Period began. 
The present valleys are only more deeply incised portions of a more 
ancient drainage system. 

We come, therefore, to the consideration of “ clay-covers,” and 
there are three different clays which have at one time or another 
served as covers on different parts of the Chalk area ; these are the 
clays of the Woolwich and Reading Beds, the London Clay and the 
Glacial Boulder-clays. The consequences attributable to the former 
existence of a mantle of Boulder-clay spread over a chalk country 
were, I believe, first pointed out by Mr. Penning and myself in 
1881* ; and were more particularly described by me in 1887. 
Although this refers to a cover of Boulder-clay, the process of valley 
making would.be similar in the case of any other clay-cover, and 
so the description of it given in the latter Memoir may be quoted 
here :— 

“Tt is tolerably certain, therefore, that the greater portion of 
the Chalk area was covered with a mantle of Boulder-clay, which 
invested hill and dale alike in one continuous sheet .... Such 
being the case, it is clear that the rain which fell on the surface 
would not soak into the Chalk, as it does now, but would course 
freely over the land; the whole rainfall would consequently be 
made available for erosive purposes, and rain would be collected 
into rapid streams in situations where no water ever runs at the 
present time. © 

“‘ The course taken by these brooks and torrents would be deter- 
mined by the irregularities in the surface of the Boulder-clay, 
and their channels, once formed, would be continually deepened 
until they reached the surface of the underlying Chalk. This 
[rock] also would be deeply trenched as long as so much of the clay- 
mantle remained as sufficed to shed the greater portion of the 


*) Geology of the Neighbourhood of Cambridge, p. 122, Mem. Geol. 
Survey (1881). . ; 
t Geology of East Lincolnshire, p. 126, Mem. Geol. Survey (1881). 
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rainfall into these channels. It is probable, however, that this 
clay-mantle was very thin on the higher ground, and as it was 
gradually removed by the general detrition of the surface a larger 
and larger area of bare chalk would be exposed, and more and more 
of the rainfall would be exposed.” 

In Lincolnshire, however, as in other parts of England, there 
is clear evidence that most of the valleys in the Chalk area are of 
pre-Glacial date, and as it is only in certain places that one of the 
modern valleys diverges from the course of the ancient valley, 
it would seem that the Boulder-clay to a large extent draped the 
features of the pre-Glacial surface, and that the post-Glacial streams 
ran for the most part along the depressions which marked the 
course of. the ancient valleys. Even in the north, therefore, we 
have still to look much further back in geological time for the 
initiation of the great system of valleys which has since become 
so deeply incised on the higher parts of the Chalk Wolds and 
Uplands. 

To realise the conditions under which these valleys were exca- 
vated out of the Chalk, we must briefly glance at what is known 
with respect to the western extension of the Eocene Beds and 
the relative positions occupied by Cretaceous and Eocene strata 
when the land rose from the Eocene submergence. 

Inthe eastern part of England there can be no doubt that both 
the Woolwich and Reading Beds and the London Clay spread far 
to the westward and northward beyond their present limits, and 
that they covered all the existing tracts of Chall in East Anglia ; 
further, it is equally certain that the Chalk extended far beyond 
its present escarpment, and was continued beneath the Kocenes 
over a large part of central England. But judging from the 
rapid thinning out of the Lower Eocenes in Wiltshire, where at 
Chisbury near Marlborough the Bagshot Sand comes to within 25 
or 30 feet of the Chalk ;* and from the complete overlap of the 
London Clay by the Bagshot Beds in Dorset, we may infer that over 
the western part of England these gravels and sands came to 
rest directly on the Chalk. There is, moreover, evidence that 
they even passed completely across the Chalk, so as to be on the 
surface of the Upper Greensand ; at any rate, this was the case 
in some places. . 

It is evident, therefore, that when the western country came 
under the influence of subaerial agencies during Oligocene and 
‘Miocene times, river courses must have been established on the 
surface of the widespread Bagshot Sands, and I think the valley 
system then formed must be regarded as the parent of the 


* See W. Whitaker in Mem. Geol. Survey, Vol. iv. p. 177 (1872). 

t See C Reid “ On the Eocene Deposits of Dorset,” Quart. Journ. Geol. 
Soc., Vol. lii. p. 490 (1896), and Geology of Dorchester, p. 28, Mem. 
Geol. Survey, (1899). 
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existing system, although, of course, it has been largely moditied 
during the lapse ofthe intervening time. 

During the Miocene epoch, when the land probably attained a 
high elevation, we may suppose that the valleys which had been 
commenced on the surface of the Bagshot Sands became more 
deeply incised, and that, as these sands were gradually worn 
away and removed from the higher parts of the land, the drainage 
system would be impressed upon and transferred to the underlying 
strata, whatever they might be, whether Selbornian, Chalk, or 
London Clay. 

Let us consider a single area as an example, and let us take that 
which now presents the largest expanse of bare Chalk in the 
country—the uplands of Hampshire and Wilts. We may safely 
assume that there was a period in the history of this tract when 
the Bagshot Beds were reduced to outliers, and when the greater 
part of its surface was formed of London Clay (underlain by 
Reading Beds), and when the Chalk was only exposed in places 
along the lines of what are still the principal river-valleys, those 
of the Itchen, the Test, the Bourn, and the Avon. 

In ear:y Pliocene time there was a decided subsidence of eastern 
England, and the Pliocene sea invaded not only Suffolk and Essex, 
but also the greater part of Kent (Lenham Beds). This subsidence 
must have imparted an easterly tilt to the Eocenes, but it does 
not seem to have affected the courses of the principal rivers, at 
any rate, in Southern England. This subsidence was followed 
by local upheaval along the anticline of the Wealden area, or more 
correctly, perhaps, along a part of that anticlinal complex; but 
as this upheaval did not prevent the streams above mentioned 
from continuing to hold their courses across the Wiltshire and 
Hampshire uplands, either the general uplift must have been so 
gradual that they were able to keep their channels open, or, what 
is more likely, the flexure only added to the height of that tract, 
which was already the watershed, namety, the northern line of 
anticlinals from the Vale of Pewsey, by Shalbourn and Kingsclere 
to the Hogsback. 

My view regarding the valley systems of the Hampshire Downs 
and of Salisbury Plain is, then, that they were originally impressed 
upon the Chalk by having been cut through a cover of Eocene 
clays, that they are in fact systems of drainage which have been 
transferred from one formation to another. Just as in Lincoln- 
shire the post-Glacial valley erosion was continued as long as a 
sufficient cover of Boulder clay remained, so in the southern area 
the streams running over and off the Eocene clays would continue 
to extend and deepen the valleys as long as any considerable 
amount of such clays remained on the intervening ridges 
and plateaus. 

Here, too, it should be mentioned that in the opinion of Mr. C. 
Reid and myself, the material of the “ clay-with.flints,” which is 
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found as a capping on so many of the higher chalk ridges, has 
been derived to a far larger extent from the Kocene clays than 
from the minute quantity of insoluble matter existing in the 
Chalk. If this is the case, then the quantity of “clay with flints” 
has not increased pari passu with the general detrition of the 
Chalk, but has been gradually reduced to the condition of outliers 
from a state of much wider extension. 

Thus, as the Hocenes were being gradually removed from the 
central Chalk area by the action of rain and rivers, we imagine 
that their residual material (now incorporated in the clay with 
flints) would remain in great force on the plateaux, and would 
still serve as a clay-capping from which rain would be shed. Thus 
it seems to me that the existent waterless condition of the Chalk 
uplands was only brought about by the slow and gradual removal of 
the clay-with-flints and did not supervene till the area of uncovered 
chalk was much larger than the area still covered by that clay. 

Among the final stages of erosion the frozen condition of the 
ground during a part of the Glacial Period, and the consequent 
frequency of floods, as described by Mr. Reid, was no doubt largely 
contributive to the deep excavation of the terminal valleys in the 
Chalk districts. We must remember, too, that the minor move- 
ments of elevation and depression would each accelerate or retard 
erosion, elevation accelerating and depression retarding it, and 
would thus affect the process of valley making. 

Tf, as seems probable, the ‘Coombe Rock” of Sussex and the 
‘* Head ” of Cornish coasts were formed in a period which followed 
the time of depression in which the materials of the raised beaches 
were deposited, then the movement of upheaval must be accredited 
with its share in assisting the final process of valley erosion ; while 
the succeeding movement of subsidence (alluvial levels) will account 
for the stoppage of active erosion, and the initiation of the present 
stationary state of things. 
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CHAPTER XXVII. 
WATER SUPPLY FROM THE CHALK. 
1. SPRINGS. 


The phenomena of springs involve the consideration of many 
local conditions, and are not always of a simple nature; but when 
the Chalk is regarded as a source of water supply it is desirable 
in the first place to study the springs which issue from it and their 
relations to the local water levels. It will be found that in some 
localities the Chalk behaves as if it were composed of one uniformly 
permeable kind of material, while in other places the springs 
break out at certain geological horizons where layers or beds o° 
less permeable material appear to be the local causes of outflow. 

The location of springs within the area of the Chalk may, I 
think, be referred to one or other of the following causes :— 


1. Simple overflow of underground water at points where 
the level of the ground falls below the internal level 
of saturation. 

2. Outflow caused by the outcrop of a less permeable stratum. 

3. Outflow at a higher level in consequence of the displace- 
ment of the beds by a fault. 


The first case is illustrated by Fig. 148, which will also serve 
to explain what is meant by the term internal level of saturation. 
The figure may be regarded as a section through some part of the 
Chalk escarpment, which generally presents the aspect of a water- 
shed ridge with a steep slope on the outer side (towards which the 
beds rise), and more gentle slopes, channelled by deep valleys, on 
the other or inner side. The water falling’ on the ridge and on its 
slopes is disposed of in three ways, a small part runs off the surface, 
a large part is evaporated or absorbed by plants, and a smaller part 
sinks into the ground and percolates through the chalk. 

Recent ‘experiments have shown that the amount of rain 
which runs off a bare chalk surface is so small as to be negligible, 
but there is some difference of opinion as to the proportional 
amounts that are retained and evaporated. They vary much in 
different years; thus Mr. J. Hopkinson found that out of a rainfall 
of 26 inches the amount evaporated was on the average 74 per 
cent., the remainder (26 percent.) being absorbed, but that some- 
times the proportion was as 63 to.37. Other observers believe 
that from 40 to 46 per cent. of the rainfall generally percolates 
downward from surfaces of bare chalk. 
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The water which sinks into the ground percolates downward 
through the chall till it is arrested by some bed which is nearly 
impervious; in the diagram it is supposed to have sunk till it 
reached the marly chalk near the base of the formation. Being 
thus prevented from sinking lower it accumulates in the lower 
parts of the chalk, which thus become saturated with water up to 
a certain limit or level, and this limit is called the level or plane of 
saturation (J, J, in Fig. 148). 

The water thus imprisoned, naturally tends to escape at points 
where the level of the ground falls below the level of saturation. 
Hence there are generally springs along a certain level (Spring 1) on 
the front of the escarpment and others at a rather lower level 
(Spring 2) in the valleys which trench the other slope. The level: 
of saturation is not represented by a straight line between these 
two points, because the water passing downwards and outward, 
through the mass of the chalk cannot flow freely as it would on: 
the surface, but is retarded by friction and capillary attraction 
Thus the water is held up as it were beneath those tracts where 
the surface of the ground is highest, and where the distance it has 
to pass through is greatest. ‘Consequently, the level of saturation 
rises under the escarpment ridge and falls towards the spring 
heads; in a minor degree it rises under every ridge or hill so 
that regarded over a large area the level of saturation | ig an 
undulating plain. ; 

Let us next consider the cases in which springs appear to be. 
thrown out by definite beds in the chalk.. There are four such’ 
horizons which serve as special water-carriers, each of them being. 
underlain by a tough marl of greater or less thickness. ‘These: 
beds do not all occur in one district, but, taken in descending order,’ 
are :— 


- 


1. The Melbourn Rock. 

2. The Totternhoe Stone. 

3: The Marl-rock ‘of Oxfordshire and Bucks. « 
4, The marl-band (No.:5 of Price) near Folkestone. 


Some of the localities where springs issue from these beds will 
be mentioned hereafter, but it concerns us first to ask under what 
circumstances they act as water-carriers, and why some of them 
do not always intercept the water percolating downward through 
the chalk. 

Ithink the main condition of their so acting is that the outcrop 
of the bed shall not be far above the usual local level of saturation. 
Where this is the case the underlying marl never gets very dry 
and forms a continuous impervious stratum through which little 
water can make its way. But where the outcrop of the rock bed 
rises to a high relative level, both it and the underlying marl become 
desiccated in dry weather every year, they have consequently con- 
tracted and have become fissured, for such fissures once formed 
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would never be closed again, but would rather tend to become 
widened in the course of time. This is certainly the case with the 
marl beds beneath the Melbourn Rock, which are often broken 
by fissures at and near their outcrop. In such circumstances the 
water sinking through the chalk and reaching the Belemnite 
marls is only held up for a certain distance, running over the marl 
till it finds a fissure, through which it passes and makes its way 
to a lower level. 

As Mr. Whitaker has pointed out to me this view will explain 
the fact that the Melbourn Rock throws out a strong spring at 


e Caldecote 


Fic. 75.—Map showing springs from two horizons (Totternhoe Stone 
and Melbourn Rock), near Baldock. (Sh. 46. N.E.) 


Holywell, near Eastbourne, where it is only a few feet above high 
water mark, while a few miles inland the same bed, at a high level, 
is quite dry. 

In some districts where the dip is slight, and where the out- 
crops of the Melbourn Rock and Totternhoe Stone form subsidiary 
escarpments, springs are thrown out from both horizons, as in the 
country near Hitchin and Baldock. In this case the springs from 
the Melbourn Rock are fed partly by water flowing outward and 
westward from the main escarpment of the chalk, and partly by 
water flowing eastward along the plane of the rock from the more 
western ridges and outcrops; while the springs from the Tottern- 
hoe Stone must be fed almost entirely from the water falling on 
the tract lying between its outcrop and that of the Melbourn Rock. 
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There remains to be considered a third cause for the location 
of springs, that of displacement of the strata by a fault. Though 
not frequent, cases do occur where an impervious hed is brought 


Plateau. Valley. Hill. 


ra 
¥ic. 76.—Diagram to explain how a Fault may give rise to a Spring. 
a, a, impervious part of chalk. J, 2, saturation level. 
6, 6, pervious part of chalk. SA, 8, fault. 


upon one side of a fault, with the result that it raises the level of 
saturation and gives rise to a spring or springs where otherwise 
none would occur. 


The possibility of this isshown by the diagram Fig. 76, where 
the beds a a are supposed to be impervious, and b b are pervious, 
both being broken by the fault f s. If there had been no such 
fault, and the beds had continued in the direction of the dip from 
a to f, the level of saturation would have passed below the bottom 
‘of the valley (v), but the upthrow of the beds on the other side of 
the fault f s brings the impervious beds so near to the surface of 
the ground in this valley that the ordinary saturation level is 
raised to the position indicated by line J s J, and the result is the 
issue of water in a spring at some point near s. The effect of 
the fault is in fact to imprison a certain amount of water per- 
manently in the angle of af s, so that the saturation level is 
raised to the same position that it would occupy if the surface of 
the impervious bed were raised to the level of the broken line. 


With respect to the conditions which determine the actual 
points of issue of springs along the front of an escarpment they are 
probably of several kinds; sometimes they are slight undulations 
in the strata along the line of strike, and the springs issue in the 
troughs of these undulations, as for instance at Cherry Hinton 
near Cambridge; in other cases the point of issue may be 
determined by a fissure, the opening of the fissure at the 
surface offering a path of least resistance. 


Springs issuing from the Chalk may be grouped in three 
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classes according to their position with regard to the principal 
physical features of the country. 


1. Springs outside the Chalk-escarpment. 
2. Springs inside, but not far from, the Chalk escarpment. 
. 3. Springs rising near the Eocene boundary. 


~The general conditions which cause the outflow of water in these — 
different positions may be briefly described. _ 2 


1. Springs outside the Chalk-escarpment. 


By the word outside, in this connection, is meant that side 
which slopes towards the base of the formation, as contrasted with 
the inner side or that which slopes toward the newer beds occupying 
the interior of the Chalk basins. In this sense the springs which 
issue from the bases of the North and South Downs are outside 
springs, and their water flows outward into formations which are 
older than the chalk, although in many cases it ultimately passes 
into rivers which carry it back through the Chalk-escarpments. 


The springs which issue from the chalk along the foot of the 
Chiltern Hills, and along other parts of the main escarpment of the 
chalk, come of course under the same category, and there is no need 
to give any special description of them. They are as arule perennial 
springs, though in specially dry seasons the volume of the issuing 
water becomes small and some of them occasionally go dry. The 
seasonal variations in their flow are a matter for local study. 

Where the tract below the escarpment is narrow there is 
seldom more than one set of springs, but where the space between 
the boundary of the Lower Chalk and the top of the escarpment 
becomes wider, as in Cambridgeshire, Suffolk, and Norfolk, more 
water is thrown out and springs issue from two or more 
different horizons. 


2. Springs inside the Chalk Escarpment. 


The springs which issue on the inner side of a Chalk-escarpment 
are such as would occur in the position S? in Fig. 76, and at other 
points still Jower down the slope of valleys that run toward the 
interior of the Chalk basins. 

Such springs are seldom perennial, and the position or point of 
outflow is liable to great variation according to the season of the 
year and according to the dryness or wetness of the season. 

Hitherto we have spoken of the level of saturation as if it was 
always maintained at the same or nearly the same level, but this 
is by no means the case. There is a normal summer level and a 
normal winter level, and these again are only maintained if the 
rainfall of the preceding six months has been about the usual or 
average amount. If there has been a deficiency of rain the springs 
which are nearest to the escarpment dry up, because the plane of 
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saturation sinks below the level at which they occur. On the other 
hand, if there has been an excess of rainfall, springs often break 
out still higher up the valleys beyond the position of what is usually 
the highest spring. , 

Springs which onlv flow at certain times of the year, or only 
after a prolonged spell of rainy weather, form temporary streams, 
which are known as bournes, nailbournes, winterbournes, woe- 
bournes, levants, and gypsies in different parts of the country. 
Some of them breal out every year at the same spot, and the 
phenomenon is known to the countryside as the breaking-out of 
the bourne: these may be called regular bournes, and are generally 
winterbournes. Others only come into existence after a season of 
great and prolonged rainfall, and these may be termed “ occasional ” 
bournes. In some localities they are regarded with superstitious 
terror, and have been called woo or woe- bournes under the idea 
that they only appeared when some disaster was about to happen. * 

Sometimes there are a series of spots along a valley from which 
water issues after long-continued rains, the water rising first from 
one outlet and then from another higher up, as the underground 
water-level is raised, until a long stretch of what is usually a dry 
valley is occupied by a stream of clear running water. 

Such bournes and “ bourn-holes” occur in most of the counties 
which border the London and Hampshire basins. They are 
especially numerous in Kent, Surrey, Sussex, Hants, Dorset, North 
Wiltshire, Berkshire, and Hertfordshire. 

As a good example of such bournes, that between Caterham and 
Croydon, in Surrey, may be taken, and of this a good account has 
been given by Mr. H. H. French.t It issues in the usually dry 
valley called Stoneham Lane, between Caterham and Coulsdon, 
and flows down Smitham Bottom to Croydon. It is not a regular 
winterbourne, but an “ occasional bourne,” and its breaking-out 
does not seem to depend on the general rainfall, but on the occur- 
rence of excessive rains in the months of October, November, and 
December. 

Mr. French states that the running of the bourne has nearly 
always occurred in those years when the rainfall in the last quarter 
of the year has exceeded 10 inches; that it generally starts in- 
November or December, and continues into the early months of 
the following year, as in the years 1865, 1872, 1876, 1880, and 
1882. In 1860, however, there was an outbreak of the bourne, 
although the rainfall in the last quarter only amounted to 6.58 
inches; but in this year the summer months were the wettest, 
over 9 inches of rain falling both in the second and third quarters. 


* Mr. Blackmore’s Story of “Alice Lorraine” contains a graphic account 
of the breaking out of a woe-bourn. See also Camden’s Britannia, and 
Aubrey’s Natural History and Antiquities of Surrey. 

+ Ina paper “ On Bournes,” Scientific Society of Sutton, Surrey, 1883; 
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As Mr. French remarks, “ the reason why a large amount of 
rain falling in the winter is more effective than an equal quantity 
of rain falling in the summer months, followed by a small or only 
moderate winter rain, is that almost all the summer rain is absorbed 
by vegetation, or is evaporated, so that scarcely any finds its way 
downwards to the subterranean reservoir. Whereas in winter 
things are reversed : scarcely any is absorbed by vegetation, but 
little is evaporated, and the rest percolates through the soil, and 
adds to the amount already stored below.” 

He refers to the experiments made by Mr. Ch. Greaves between 
the years 1852 and 1882 on the proportion of percolation to rain- 
fall, and finds that the rising of the bourne really coincides with 
those years in which Mr. Greaves found the amount absorbed by 
percolation to be unusually great in the second half of the year.* 
‘The observations conducted at Lea Bridge showed the total annual 
amount of percolation to vary from 4 to 124 inches, the amount 
in the latter half of the year varying from less than an inch to over 
6 inches. Thus in 1860 the amount of water making its way 
downwards between June and December (inclusive) was 5°199 
inches, in 1865 it was 5°699 inches, and in 1872 it was 6°100. 
This conclusion is confirmed by a comparison with the year 1866, 
which was actually wetter than 1865, but most of the rain fell in 
the first half of the year, and the amount percolating through in 
the latter half was only 3°587 inches, and consequently were was 
no bourne in that year. 

The account of the Caterham Valley bourne, above given, may 
be taken as ill strative of the phenomena of occasional bournes, 
but, as already stated, there are many bournes which break out 
every winter, and it is only in exceptionally dry seasons that they 
do not run. 

The reason of the difference between the phenomena of occasional 
bournes and of winterbournes consists in the relative height of 
the valley-floors above the normal winter level of saturation. A 
section drawn by Mr. J. Lucas along the course of the Caterkam 
bournet shows that the points where the bourne breaks out are 
all well above the ordinary winter level of saturation, and that it 
is only when this is raised to an unusually high level that the 
bourne holes are brought below its plane. A winterbourne occurs 
where the valley-floor is nearer to the permanent level of saturation, 
so that the ordinary rainfall of autumn and winter is sufficient to 
raise the level of saturation above that of a certain part of the- 
valley-floor. 

Another good example of a winterbourne is that of the 
Hertfordshire Bourne, which has been described by Mr. John 
Hopkinson.{ This bourne usually commences to flow between 


* See Proc. Inst. Civ. Eng., Vol. xlv. p. 22. 
+ See Proc. Inst. Civil Eng., Vol. xlvii. 
+ Ses Trans. Hertf. Nat, Hist. Soc., vol. x. p. 69. 
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January and April, and sometimes runs till the middle of June. 
It rises at various points in the valley between Bourne End 
and Harratt’s Lane End, but seldom higher up than the 
latter place. 

It has never flowed when less than 30 inches of rain has 
fallen in the year, and has only failed to flow twice within record 
when more than 30 inches has fallen. Its flow, however, really 
depends on the distribution of the rainfall during the year, and 
Mr. Hopkinson gives a table which shows that shag the bourne 
has flowed there has always been a heavy rainfall during the 
nine months from July of the preceding year to March of 
the year of flow. At such periods there has always been a nine 
months’ fall of from 24°6 to 32°9 inches, the average annual rain- 
fall of the district being about 28 inches. Hence, we may say that 
the bourne flows on those occasions when the rainfall of these 
nine months approaches or exceeds the average for the whole 
year. 

In Sussex a winterbourne rises in the valley east of Ashcombe, and 
flows through the Vale of Southover into the River Ouse at Lewes. 
The valley of its source is quite dry during summer and autumn, 
the bourne rising generally at the end of the year, and flowing 
through December, January, and February, and often lasting into 
March. 

Two other good instances of winterbournes occur in Dorset. 
One of these is in a valley south-west of Blandford, and all the 
villages in it take their name from the stream. They are Winter- 
hourne Stickland, W. Clenston, W. Whitchurch, W. Kingston, W. 
Tomson, and W. Zelstone. The other valley is near Dorchester, 
the bourne rising at Winterbourne Abbas, and passing by four 
other villages with the same prefix. Hutchins, the historian of 
Dorset, * says that “the spring (of Winterbourne Abbas) is by the 
country people called the Wherry, and is said to burst with great 
noise generally about November, sooner or later as the season is 
more or less rainy, for in,dry seasons it has been known not to 
break out for three or four years together. . . . Itis generally 
dried up soon after midsummer, except the season be wet.” 


3. Springs at the junction of Chalk and Tertiaries. 


The issue of water from points on the line of junction beween 
the Challx and the Eocenes depends primarily upon the angle at 
which the strata are inclined, and upon the physical features 
which are governed by, and vary in accordance with, the dip of 
the beds. Mr. Whitaker has given a clear explanation of the 
manner in which such springs arise,f accompanied by figures, 
which are reproduced in our Figs. 77 and 78. He points out 
that where the dip of the beds is high, the incoming of the Eocene 


* “History of Dorset,” Third Edition, Vol. ii. p. 196 (1863). ; 
+ In Appendix No. C. 49 to Report of Royal Commission on Metropolitan 
Water Supply, 1893, p. 483, See also Geol. Mag., Dec. 4, Vol. ii. p. 360. 
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makes but a very slight feature or rise in the ground, and is 
dominated by the comparatively steep dip-slope of the Chalk. 
Moreover, under these conditions the junction of the two forma- 
tions is always at a relatively low level, generally at the lowest 
level, along any transverse line of section. On the other hand, 
where the dip is low, the Tertiary beds generally form a marked 
rise or escarpment, and the lower part of this rise generally con- 
sists of chalk, so that the junction of the two formations does not 
occur at the lowest levels in the district. 


Reference to Fig. ‘77 shows that in the first case the water which 
is flowing and percolating through the chalk toward the, Eocene 
beds must tend to saturate the whole mass of chalk which underlies 
those beds, and the saturation level is consequently kept so high 
that many points along the junction of the two formations are 
permanently below it; it follows, therefore, that water will issue 
at these points. This is the origin of many springs in Surrey, 
from Croydon westward. 


Fics. 77 AND 78, 
a=Eocene Beds. b=Chalk. 
1.1. Level of Saturation. 2.2. Sea-level. 


When the disposition of the beds is similar to that shown in 
Fig. 78, the dip being low, no such springs occur, because the 
level of saturation is nearly always below that of the junction 
of the Chalk and Eocene, and it is very rarely that the bottom 
of a valley touches the saturation level. Such conditions are 
favourable to the formation of swallow holes at the boundary 
of the two formations, 7.e., of holes in which water flowing on 
the surface of the Tertiary beds is swallowed up and conveyed 
underground to the Chalk beneath the Tertiary basin. 


Other clays besides those of the Eocenes may be so placed with 
regard to tracts of chalk that similar cqnditions are produced. 
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This is the case in East Lincolnshire and in the south-east of 
Yorkshire, where Boulder-clays are banked up against the Chalk 
in such"a manner and to such a depth that the Chalk beneath 
them is saturated with the water which flows underground from 
the Wolds, and some of it is thrown out in springs at the junction 
of the Chalk and Drift. The following is quoted from the Survey 
memoir on Kast Lincolnshire (p. 136):—‘“ As the depth of Boulder- 
clay at a few hundred yards distance from the boundary line is from 
60 to 90 feet it is evident that this impervious mass obstructs 
the flow of the water which is percolating eastward through the 
Chalk and forces much of it to the surface. The result is that 
a number of perennial springs affording an excellent and abun- 
dant supply of water break out at those points along the line 
where the level of the ground is lowest, and generally where one 
of the dry valleys that trench the Wolds opens on to the Boulder- 
clay plain.” 


WatTeR FROM DEEP WELLS AND BORINGS IN THE CHALK. 


It has been stated that the springs which issue from the Chalk 
wherever they are situated are only the overflow of the water 
which is permanently stored up in the more deep-seated parts 
of the formation. By far the larger quantity of the water which 
is absorbed by the exposed surfaces of chalk passes downward 
and inward below the Tertiary and Post-Tertiary beds which 
cover such large areas of the formation. 


These deep-seated tracts of chalk form what may be termed 
underground reservoirs, in which a vast supply of good water is 
continually stored up, and these reservoirs have been tapped by 
hundreds of wells and borings, especially in the neighbourhood 
of London. Moreover, in consequence of the depth to which the 
Chalk is carried by the synclinal curvature of the London and 
Hampshire Basins, most of these borings are artesian in the 
sense that when the water is reached it rises to a high level in 
the boring and sometimes overflows. The subterranean areas of 
chalk are consequently very important and very easily utilised 
sources of water supply, and this is the case not only in the 
London and Hampshire Basins, but also in the more northern 
areas of Norfolk, Lincolnshire, and Yorkshire, the two latter of 
these really forming the western border of a third Tertiary Basin, 
the centre of which has been invaded by the sea. 

It must not be imagined, however, that either the upper 
surface or the basal plane of the Chalk in these basins maintains 
anything like a regular continuous curve, increasing gradually 
from the margins of the basin to a trough of maximum depth. 
The subterranean stratigraphy of the Chalk is at present very 
imperfectly known, but the available information is sufficient to 
make it certain that no such regularity prevails in the Hampshire 
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or the London Basin; on the contrary, the Chalk is broken by 
faults and disturbed by flexures which run in various directions, 
and sometimes form deep local troughs or ridges. 

Mr. W. H. Dalton has made a special study of the subterranean 
surface of the Chalk in Essex, and has shown that in the 
southern and eastern parts of that county it is bent into an 
irregular system of minor basins and ridges which are often 
suddenly cut off by lines of faulting.* His paper is illustrated 
by a map of the county, in which these undulations and_inter- 
ruptions are indicated by contour-lines of depth below Ordnance 
datum-level. This map is reproduced in the useful ‘“ Report on 
the vee ey of the County of Essex” by Dr. J. C. Thresh, 
which should be read by everyone who is interested in 
the subject. 


Mr. W. Whitaker has pointed out that in regard to capacity 
as a water conductor, chalk holds a sort of intermediate position 
between a loose rock, such as a sand or soft sandstone, and a com- 
pact rock like an ordinary limestone ; “ for whilst a certain amount 
of water may travel slowly through the spaces between the par- 
ticles, as, indeed, may be seen to be the case in wells and adits, 
where a general weeping occurs along the sides or walls, a greater 
quantity probably finds an underground channel along the planes 
of bedding along which there are sometimes slight openings, 
and which must always be planes of weakness. Still more, how- 
ever, finds its way down and along other divisional surfaces which 
have been formed after the consolidation of the rock; these are 
the joint planes, formed perhaps by shrinkage, which are every- 
where present [running] in various directions and more or less 
vertical, and sometimes causing slight openings or fissures that 
can be clearly seen. 

“From this it follows as a rule that, to get a supply of water 
from the Chalk, some of these fissures must be cut. Now, when 
a boring is made the breadth of chalk can be measured by inches, 
and though by good luck a fissure may be cut and a good supply 
of water got from it, yet on the other hand it is equally (or perhaps 
much more) likely that this result may not happen; the boring 
is [then] condemned as a failure, and the water bearing power 
of the Chalk is put down as small. 

“What then is the course that should be followed to get large 
supplies of water from the Chalk? Clearly a boring is not always 
to be depended on, and, therefore, the old plan of digging a well 
has to be resorted to,*which, of course, increases the breadth of 
the work and with it the chance of cutting a water-yielding fissure. 
To get very large supplies, however, the object is to cut many 
of these fissures, in fact, to expose as great an amount of surface 
as possible, and to admit the inflow of water from as great an 


* “The Undulations of the Chalk in Essex,” The Essex Naturalist, 
vol. v. p. 311. 
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extent of chalk as can conveniently be got at. This, of course, 
must be done by lateral rather than by vertical extension, and 
the plan adopted is the driving of small horizontal tunnels (gal- 
leries or adits, as they are called) below the plane of saturation 
of the Chalk, and in such directions as to tap the greatest amount 
of water.”’* 


Even the method of driving adits does not always succeed in 
obtaining an adequate supply of water, for the Chalk is not 
always fissured to the same extent, and is sometimes entirely 
without open fissures. It is probable that the existence or 
absence of fissures in deep-seated chalk depends mainly on the 
position of the subterranean flexures, for the joints and cracks 
will be more open along the anticlinal axes, while in the synclines 
the chalk mall be close and compact, and generally without 
fissures, This is probably the reason why Richmond ‘has failed 
to get an abundant water supply from the Chalk, notwithstanding 
the depth of the well and the construction of 3,460 yards of 
headings into the chalk, which however only yield 260,000 
gallons a day. Reporting recently on this failure Mr. Mansergh 
writes, “All the information obtainable, and es ecially ie 
experience of your own works points distinctly to the fact that 
the chalk antedleng Richmond is very close and compact, 
containing few fissures or other channels by which water can 
pass freely, and that it very unlikely that you can ever expect to 
procure from this source all the water required for the growing 
needs of the Borough.” (Contract Journal, Feb. 6, 1901). 


Another instance where the chalk does not yield water freely, 
and where a deep synclinal trough is known to exist (see Mr. 
Dalton’s map) is the neighbourhood of Chelmsford. In a report 
on the Springfield and the Great Baddow Waterworks (1899) 
Messrs. Thresh and Dewhirst discuss the probability of obtaining 
a good supply by boring down into the Chalk and remark that 
“in this portion of Essex the chalk appears to be very dense 
with few open fissures, and not to yield water freely.” 


There are, however, other planes along which water flows in 
the Chalk; thus in the Middle Chalk and in the lower part of 
the Upper Chalk thin layers of marl or marly clay occur, and 
are persistent over large areas; these must hold up a certain 
quantity of water where fissures are not frequent., Again, it 1s 
known that water often makes its way along the layers of flints 
in the Upper Chalk. This was specially noted in a boring at 
Thames Haven made in 1879. Here the Chalk was entered at a 
depth of 268 feet, and water rose to the level of the marshland ; 
at 360 feet a water-beiring layer of flints was struck, and the 
water rose 114 inches above the marsh-level. As the boring 
progressed other flint-layers were traversed, each increasing the 
supply until at 570 feet the water rose 19 inches above the 


* Geology of London, Vol. i. p. 510, Mem. Geol. Survey (1889). 
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marsh-level.* A boring made at Mitcham, in Surrey, in 1850 
affords another good record of the same fact ; it only penetrated 
22 feet of chalk, but found “layers of flints every 3 feet and 
abundance of water in every layer.” f 


It is worthy of note that water issuing from the Chalk, whether 
in springs or from deep wells and borings, varies but little in tem- 
perature all the year round, being always about 50: deg. Fahr., 
hence it seems fresh and cool in summer and almost warm in the 
winter, with the further consequence that chalk springs are rarely 
frozen up. 


QUALITY OF WATERS OBTAINED FROM THE CHALK. 


The water of springs issuing from the chalk is always clear 
brilliant, colourless, and palatable, and except in rare cases where 
it is polluted by the infiltration of organic matter from the neigh- 
bouring ground, it is good and wholesome water. It contains 
only minute traces of organic matter, but is always more or less 
hard, this hardness being mainly of the kind called temporary, 
that is, due to the presence of carbonate of lime and carbonate of 
magnesia in solution, which are easily and cheaply removed by the 
addition of slaked lime to the water. 


The water obtained from wells sunk through the chalk, where 
it forms the surface soil or is covered only by permeable deposits, 
is of a similar character, always (when unpolluted) containing 
but a trace of organic matter, but always holding in solution a 
considerable amount of carbonate of lime. 


When, however, water is obtained from deep borings carried 
through the London Clay and London Tertiaries into chalk satu- 
rated with water it is found to exhibit a great difference in charac- 
ter. The total amount of solid matter in solution is much greater, 
on the average twice as great; while the hardness is much less 
and is much more due to the presence of soda salts such as the 
carbonate and sulphate of soda; there is also generally a consider- 
able quantity of common salt (sodium chloride) in solution. The 
amount of organic matter is usually rather larger but is still very 
small and.the water obtained from such borings is generally clear, 
palatable and wholesome. 


The existence of these differences in the character of chalk 
waters according to their source from beneath bare chalk or from 
below the London Clay, ete., was indicated in the Sixth Report 
of the Rivers Pollution Commission (1874), and was illustrated 
by several series of analyses of such waters. The following are 
the averages of the results of these analyses as given in that Report, 
the quantities being expressed in parts per 100,000 :— 


* See Whitaker “Geology of London,” p. 37, and Dr. Thresh “Ri t 
the Water-supply of Essex,” p. 26. : , eer 
+ Whitaker, op. cet.. p. 208. 
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It should, however, be mentioned that five of the deep well 
waters in the second series are evidently so much polluted by 
contamination with sewage that they should be omitted for the 
purpose of the above comparison, the results of the remaining 
33 analyses agreeing more closely with those of the spring waters. 
The average of the total solids in solution in the well waters is 
then 35°11; the average temporary hardness is 20°1, and that 
of the total hardness is 26°39. 

Mr. R. B. Hayward has dealt with this matter in a paper “ On 
the Water in the Chalk beneath the London Clay,’’* to which 
the reader is referred for a good summary of the subject. He 
also gave a table of analyses of the contents of 16 different well 
waters, and he subsequently, at Mr. Whitaker’s desire, reduced - 
the analyses of other well waters to the same common form, the 
extended table being printed in the Appendix to Mr. Whitaker’s 
memoir on the Geology of London.t 

Writing in 1888 and referring to the great difference between 
the water from uncovered chalk and that of the deeply-covered 
chalk, Mr. Whitaker remarked that no satisfactory explanation 
had yet been given and that further investigation was needed.t 
He takes note of the supposition that “some of thé salts, such 
as the sodium chloride, may be the remains of the salt of the old 
ocean in which the chalk was deposited,”’§ but observes that if so, 
“one might have expected to find them at great depths in the 
chalk where it is not covered by the Tertiary Beds.’ 

He then thought it more probable that the quality of the water 
in the chalk beneath the Tertiaries was due to inter-communication 
between the water in the chalk and that in the overlying Tertiary 
sands, whereby “the water in the former has become charged 
with some of the saline constituents of those sands, whether original 
or produced by chemical alterations going on at great depths 
where the beds are saturated with water.” 


* Middlesex Nat. Hist. Soc., 1887, p. 48-63. : : 

t “The Geology of London,” Mem. Geol. Survey, Vol. i. table opposite 
p. 533. 

t “ Geology of London, ete.,” Vol. i. p. 514 (1889). : 

§ Sir J. Prestwich held this view (see his ‘‘ Water-bearing Strata of 
London,” 1851, p. 220). 
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At the time when the remarks above quoted were published, 
Mr. Whitaker was unaware that the subject had been discussed 
by Mr. R. Warrington in 1887,* but on the occasion of an address 
to the Hertfordshire Natural History society in 1898,} he drew 
attention to Mr. Warrington’s paper as containing a better expla- 
nation of the facts than the one he had suggested. 


Mr. Warrington was specially dealing with the waters of the 
deep wells at Harpenden in Herts, and on comparing the results of 
his analyses with those of other well waters he was struck by the 
small amount of chlorine occurring in the Harpenden water. He 
says : “It would appear that there is some peculiarity in the chalk 
water of Harpenden go far as its contents in chlorides are concerned. 
I venture to think that the low proportion of chlorides in the pure 
well-waters of Harpenden may be due to the situation of the village 
not far from the escarpment of the Chalk at the northern edge 
of the Thames basin. The Chalk here being at a considerable eleva- 
tion (344 to 430 feet above the sea), and the gradient of the under- 
ground water-level very considerable, the chalk-rock has been in 
the course of ages washed very thoroughly by the percolation of 
rain, and the chlorides originally present in the rock when upheaved 
from the sea have been almost completely removed.” 


“The wells in the lower part of the chalk-basin are obviously 
supplied to a considerable extent by the underground drainage 
from the upper part of the basin. This underground drainage 
water when it passes Harpenden contains about 11 parts of 
chlorine per million of water; but as it continues to percolate 
through masses of chalk at a great distance from the surface, it 
may be assumed to gain chlorides from the small residue of 
common salt remaining in the rock, so that wells in the lower 
part of the basin should on an average contain water richer in 
chlorides than wells at the edge of the basin ”’. 


“ Direct evidence as to the presence of common salt in the Chalk 
seems to be furnished by the general considerable excess of chlorides 
in contaminated well waters over the amount furnished by 
rain and present in the waters of land-drainage.” (This point 
he had previously proved.] Still stronger evidence is supplied 
by the condition of the well-waters in the Chalk when this formation 
is covered by the London Clay. The clay has, of course, prevented 
any percolation of rain from above; the washing of this chalk 
has, therefore been confined for many ages to the slow passage 
through it of water from the upper part of the basin already con- 
taining chlorides. Under these circumstances we find a well- 
water extremely rich in chlorides. Frankland found, as a mean of 


* Journ. Chem. Soc.,:Vol. li., p. 500. 


ae “The Chalk Water in Hertfordshire,” Trans. Hert. Nat. Hist. Soc., 
ol. x. 
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13 well-waters, 1502 parts of chlorine per million of water ; and 
this richness in chlorides occurs in wells now far removed from 
the sea.” 

I may mention that the same explanation had occurred to me 
before reading Mr. Warrington’s paper or Mr. Whitaker’s reference 
to it, and that I had formulated it in the following terms. Assum- 
ing that some sodium chloride was embedded and occluded in 
the Chalk, and also that originally it was equally disseminated 
throughout the formation, it is clear that it would be more or less 
completely leached out of all those portions of the challk which were 
uptilted and so became exposed to the continual action of perco- 
lating fresh water. But in the central portions of the synclines 
beneath the Tertiaries, where the Chalk has probably been always 
saturated with water, there could not be the same rapid extraction 
of the sodium chloride. It is true that under the London Basin 
there is probably a certain movement of water eastward toward 
the sea, but it must be very slow, for there is not likely to be any 
free exit for it beneath the North Sea. Thus it seems quite possible 
that in such portions of the Chalk that are well below the sea level, 
much of the original sodium chloride may still remain in solution, 
and it is possible even that the amount has been increased in some 
places by that whch has been leached out from higher levels. 

‘It may also be observed that the increase of saline contents 
in the water found below London must not be considered as an 
isolated case; there is probably a similar increase in the case of 
other formations, notably in water from the Lower Greensand in 
Oxfordshire and from the Coral Rag at Swindon. * 

In his address above mentioned Mr. Whitaker remarks: “ It 
seems to me that the above is a good explanation, and the more 
so as it accounts for like occurrences (sometimes of a stronger kind) 
in other formations than the Chalk. The washing out of the salts 
from the Chalk from the escarpment downward to the central 
parts of the basin where concentration would take place; the 
possible addition there of salts derived from the Tertiary sands 
(between the London Clay and the Chalk); and perhaps some 
chemical changes slowly brought about in the deep-seated water ; 
these would seem to be enough to account for the great differences 
in the mineral contents of the waters in the open and in the covered 
chalk.” 

It should, however, be mentioned that still more recently another- 
suggestion has been made which deserves notice, inasmuch as it 
comes from a good chemist. Dr. J. C. Thresh, in a paper on 
“ The Saline Constituents of Chalk Waters,”’t writes as follows :— 

“ My view is that this water is practically stagnant under the 
country, and that in the course of ages the action between the 

* See Jukes-Browne ‘“ On a Boring at Shillingford,’’ Midland Naturalist, 
Vol. xiv. p. 201 (1891), and H. B. Woodward “ On a Well-sinking at Swin- 
don, Quart. Journ. Geol. Soc., Vol. lii. p. 289 (1885). 

+ “ The Journal of State Medicine,” Vol. vii. p. 437, 1899. 
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water which entered on the west from the Chalk outcrop and the 
sea-water which entered on the east from the opposite outcrop 
under the ocean has resulted in the formation of these particular 
fonstituents.” He thinks that “very little of this water comes 
rom the outcrop to the west,” and that as the multiplication of 
deep wells continues to reduce the water-level, “the sea-water 
will travel inland faster than the reactions which have produced 
the saline constituents of the water now in the chalk can keep 
pace with.” 

He also remarks that some of his analyses show a great variation 
in the contents of chalk-water even in the same parish, and observes 
that “such great variation over so limited an area does not point 
to free inter-communication, nor to a continuous flow of under- 
ground water in any direction. It points rather to a condition 
approaching stagnation allowing local influences to exert a maxi- 
mum effect.”” Again he says: “I can discover no indication of this 
alkaline water travelling in any direction, and in my opinion it 
is a vast and practically stagnant underground reservoir which, 
if drawn from, is much more likely to be fed with sea-water from 
the east than by the rainfall on the outcrop to the west.” 

Dr. Thresh may be right in concluding that the water in the 
deeper parts of the Chalk Basin is in a “condition approaching 
stagnation,” but I think few geologists will agree that very little 
of the water comes from the outcrop on the west. He admits 
that some may enter South Essex from the outcrop in Kent, but 
thinks that most of the Kent water which passes northward is 
forced out through fissures into the bed of the Thames 

He writes as if he thought there was an outcrop of Chalk beneath 
the bed of the North Sea, whereas the fact is that the Tertiaries 
of the London Basin are continued eastward beneath that sea into 
Belgium and Holland. The head of fresh water flowing continu- 
ally into the subterranean extension of the Chalk from the out- 
crops on the south, the west and the north-west probably affords 
a much greater general pressure than is needed to keep sea-water 
from flowing into the basin, from the few points where chalk does 
come into contact with the sea. These are (1) around Grays and 
Gravesend, (2) in the Isle of Thanet, (3) near Cromer, in Norfolk. 
It is quite true that in these localities sea water does make its 
way into the wells after continued pumping, but this is only because 
the pressure of the head of fresh water has been reduced by the 
pumping, and the result is entirely a local one. 

If Dr. Thresh’s view were correct, one would”expect that his 
tables of analyses would show a general increase of saline constitu- 
ents as one travelled in the direction of the sea, and especially an 
increase in the amount of sodium chloride, but such does not appear 
to be the case. Thus there are eight instances in Essex in which the 
total quantity of salts amount to over 100 parts per 100,000, and 
of these six are inland places, and only two (Wivenhoe and Clacton) 
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are near the sea; yet in all of them the amount of sodium chloride 
is over 50 per cent. of the total, and in the case of Thorpe it is 67 
per cent. 

All the facts adduced by Dr. Thresh are indeed more satisfactorily 
explained on the theory of embedded salts than on the supposition 
of interaction with sea water now in process of diffusion. ‘But his 
tables of analyses, which the proportions of the different. salts 
existing in water from many localities, are very valuable, and 
represent the results of no fewer than 72 analyses. Some of these 
are quoted in the two following tables, the first one containing 
sixteen of Dr. Thresh’s analyses of well waters in exposed chalk, 
and the second sixteen examples of water from below the Tertiary 
Beds in Essex. 


TABLE I.—SALINE CONSTITUENTS IN WATER FROM WELLS IN EXPOSED 
AREAS OF CHALK. In parts per 100,00U. 


a ; 2 fg Sige el Be Ih ag : 4 

afled|afiee|aelee|<2lee|2i.g| | % 

8 a Be |B Se) go] ga = a 

Localities. Be | se] SE; ES | 8 2 g6 |g = Ey 2 g tS | Sole | 

Sa (Ss | Se | Ss | Se | ae S8(/5a 1/55) 5's a] $s 

a°132/68 2 so ao 5° 5m 5° o A = ° 

5 5 ao 15 a a a na wn n a a 
Luton - - + {20°83 | 1°85 | 4°1 05 _- _ _- — {15 — | 1°65 | 30°0 
Berkhampstead - | 20°25} °45 | 2°4- _ _- — _ — | 216 | — | 1:25 | 265 
Watford - - | 25°3 | 3°40 | 58 - =- 12 _ — | 28 — | 215 39°5 
Reading - - | 26°35} °85 | 3°65 8 _ 8 - _ 65 — | 1°55 | 34:5 
Marlborough) = - | 21°2 *35 | 2°35 _ _ “4 _- — | 12 — | 1 27°0 
Andover - + | 21°35 | 1°15 | 4°9 _ _ “4 - — | 2°15 — | 2:05 | 32:0 
Salisbury Plain - | 19 4 | 17 95 | — - - — [115 | — | 13 24.5 
Warminster - {19° 11 29 | 16 -_ 6 - _ _ _ — | 266 
Broughton - - | 17°75 | 1°65 | 3°0 - - 10 - — {14 — 127 27°5 
Winchester- - | 19°5 9 | 59 _ _ 1:2 - — {13 _ ‘7 29'5 
Owlesbury - - | 183 *55 | 2°9 10 =_ 6 _ _ 4 — | 3:35 | 27:0 
Otterbourne + | 22° ae 2°25 | 1°4 _ 6 _ - 25 | — | 33 30°56 
Havant : - | 28°8 7 2°65 *85 - 8 _ _- “15 — | 1:05 | 275 
Brighton - - | 16° 24 2°15 “55 - 6 _- — | 20 — |13 25°0 
Do. ne - 1145 | 3°2 4°45 "55 _- 10 _ — | 36 — |12 28°5 
Eastbourne - - 1183 "BB | 24 39 _ 12 _ — |385 | — | 13 29°0 


TABLE II.—SAuINE CONSTITUENTS OF CHALK WATERS FROM DEEP 
WELLS IN Essex. In parts per 100,000. 


a a 18s Be o . : co] 

2 3 F S|5e/5¢6 3 g é F = 

Blof] e8]cb]ee/e2!] 2,8] .¢] 2.2/2.3 3 

ue |os|oe|oe| 88] 82| 88 | 82/82/88 / se! 2 | 2 

Localities. Se /33)/S8 (38/22) $2158 )3e)/52) 54 § 3 

aolae2)/38|a° s a oa Fe = 

> 5 5 io) a na a n n a a 
Leigh - -| 14 _ _ - 1:05} — | 266 8:0 | 42°7 *35| 1°35) 81°65 
Brentwood -| 15 _- _ _ 1:05) — | 28°15) 13°6 | 20°3 3 6 65°5 
Laindon Street -{ 1°5 _ _- _ 1:05] — | 262 | 9°5 | 34°5 "2 | 1:05} 74:0 
Chelmsford =| 16 _ _ - 1:75) — | 32°6 | 12°45 | 54°1 _ — | 102°0 
Fobbing - -] 18 _ —- _— 85] — | 22°95)17°3 | 28°85) — 1°25 | 73:0 
Southend -| 19 _— - _ 14 — | 23°3 86 | 52°95 *25) 1°6 90°0 
fiVange - -| 20 - - _ 1°25) — | 25°4 | 10°65 | 30°7 *25) 1°76) 72-0 
Havering - 2} 21 -- _- _- 12 — | 26°65 | 15°85 | 22°1 _ 2°68 70°6 
W.Bergholt -| 2°5 _ - - 4°55} — | 28°7 | 14°56 | 68°65 55 | — | 110°5 
Tiptree - =| 23 -_ — _- 2°8 — | 40°95 | 26 35 | 97°2 4 1:0 | 1710 
Great Bromley - | 3°25) — _ _- 35 — | 25°15] 14°8 | 80°5 4 9 | 1285 
Felstead - -| 35 _- _ _ 35 — |26°9 |16°0 | 401 25 25) 90°56 
Wyvenhoe - -{ 40 _- —- _ 4:2 — | 22°6 | 19°25 | 68°0 55) — | 1185 
Braintree - -| 4°75) — - - 51 — [189 [11:5 ]}683 | — 95 | 109°5 
Barking - -| 625) — - _ 14 — |14°9 9°85 | 6°95) 1°5 1°65 | 41°56 
Clacton - -| 625) — _ _- 42 — |22°0 | 161 | 61°7 26 2°65 | 114°5 
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There is another aspect of the question which has been touched 
upon by Mr. Whitaker, and which he puts as follows :—“ If the 
view is right which I am induced to take, or indeed if any view 
of purely local origin is right, one would expect that the alkaline 
salts should decrease by continuous extraction of the water,” and 
Mr. Hayward gives some evidence to that effect. He says that “the 
well at the Harrow Waterworks was sunk with such care to exclude 
the water fromthe sands. . . . above the chalk, that there can 
be no doubt that we are dealing in this case with water from the 
chalk alone,” and he notes the following general results of analyses 
at different times, adding that “ this appears to show a progressive 
improvement in the water.” 


In 1868, total solid contents 1,044. Hardness 48°5 ; 


In 1870 _,, ¥ » .1,009. » ©4474, 
In 1873, < « 981. »  40°8. 
In 1883 __,, a » ~~ 884, » 38'S or 34'3 (2). 


Mr. Hayward also remarks that “it would be interesting to 
examine whether the softening [of the underground water] is 
regularly progressive as the water passes inwards from the outcrop.” 
That this is the case seems to be indicated by the analyses which 
were arranged by Mr. Hayward, and printed in Mr. Whitaker’s 
memoir, when these analyses are grouped as follows :— 


Group A.—Waters from below bare chalk in Herts and Surrey. 
Group B.—Waters from below covered chalk in Kent and Surrey. 
Group C.—Waters from below covered chalk in Central London. 
Group D.—Waters from below covered chalk north of London. 


Group A includes only four analyses, but they are fairly repre- 
sentative; for each of the other groups I have taken the results of 
eight analyses, and calculated the averages of the several ingredi- 
ents. These come out as follows :— 


Average contents of different groups of Well Waters expressed in Parts 


per 100,000. 

Group A. | Group B. | Group C. | Group D. 
Calcium 10°62 7°6 2°25 4'7 
Magnesium *A5 1°27 °8 4°3° 
Sodium 1°12 6°92 23°5 15°0 
Potash - 1°3 6°2 2°9 
Carbonic acid 15°25 16°1 21°7 19°3 
Sulphuric acid "92 7°36 18°9 18°8 
Chlorine 1°25 3°4 15°4 9°5 
Nitric acid 1°6 _ ~ = 
Silica _ - 1°2 1°0 1.6 1°5 
Organic matter 1°67 “9 5 2°1 

Totals | - | 34°08 | 45°85 | 90°85 | 78°1 
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Tt will be seen that the contents of groups C and D differ greatly 
from those of the other two, and do not differ very much from one 
another except in the proportions of sodium and chlorine, there 
being evidently more sodium chloride in the water under London 
than in the area further north. 


Still more recently Mr.W.W. Fisher has written on this subject* 
and he is of the same opinion as Mr. Warington, Mr. Whitaker 
and myself. He points out that even if infiltration from the sea 
were possible in some parts of Essex, it could hardly be the 
explanation at Wokingham in Berkshire, where the water derived. 
from the Chalk is markedly alkaline and contains as much as 
25 grains per gallon of chlorine (in chlorides). 


Mr. Fisher believes that all the sodium salts found in deep- 
seated waters from the Chalk of the London Basin have been 
derived from the soluble salts retained by and occluded in the 
mass of the Chalk, and have been gradually taken up into solu- 
tion by the percolating water in its progress from the marginal 
outcrops of the Chalk into the central parts of the Basin. He 


thinks that during this progress “the proportion of alkaline ;:, 


carbonates will gradually increase, and as it increases the calcium 
salts will diminish until mere traces only are left. . . . . - 
The amount of calcium carbonate in solution will ultimately 
depend on the amounts of carbonic acid in the water available 


as a solvent, so that some of the alkaline chalk-waters are harder ee 


than others for this reason.” 


In order to test the existence of sodium salts in the Chalk 
itself, he obtained samples of Chalk taken from the boring at 
Meux’s Brewery, in Tottenham Court Road, and analysed that 
taken from a depth of 500 feet with the following results :— , 


Calcium as carbonate 93 90 

Silica (including soluble silica) 4°20 

Tron oxide (with Pz Os ) “50 

Magnesium carbonate , 70 

Sodium sulphate - 28 

Sodium chloride E "20 

Sodium carbonate 038 * 

Water and loss Pa “19 
100°00 


* “On Alkaline Waters from the Chalk,” The Analyst (August, 1901), 7 
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APPENDIX I—PALAZONTOLOGY. 


A.—CRITICAL REMARKS ON SOME SPECIES OF 
FOSSILS. 


By E. T. NewrTon anv A. J. JuKES-BROWNE, 
Cephalopoda. 
ACTINOCAMAX LANCEOLATUS, Sow. 


1829. Belemnites lanceolatus, Sow. Min. Con., pl. 600, figs, 8, 9. 
non Belemnites lanceolatus, Schloth. Petref., p. 49, No. 8. 


The Belemnite figured by Sowerby under the name of lanceolatus 
seems to have been overlooked by most writers, and specimens 
have hitherto been generally regarded as a variety of Belemnites 
plenus, Blainv. 

It is true that the young forms of Bel. (Actinocamaz) plenus are 
not inflated like the adult individuals, but are narrow and not 
unlike the species figured by Sowerby, but Sowerby’s types came 
from the Chalk Marl of Hamsey, and specimens with unquestion- 
ably the same form occur not unfrequently in the Chalk Marl of 
Folkestone and in the Totternhoe Stone of Bedfordshire and 
Cambridgeshire, whereas typical inflated examples of Actinocamaz 
plenus have never yet been obtained from the zone of Ammonites 
varians. The Chalk Marl form is, moreover, rather stouter for 
its length and has its sides more continuously parallel. 

As it is an Actinocamaz and not a Belemnitella, and as the former 
is now recognised as a distinct genus, it can retain the specific name 
given to it by Sowerby. Sharpe (Pal. Soc., Chalk Cephalopoda) 
confused this form with the true Act. plenus (Blainv.). 


ACTINOCAMAX ToucasI, Janet. 


1891. Actinocamax Toucasi, Janet. Bull. Soc. Géol. Fr., Ser. iii., 
Vol. xix. p. 719. 


This species has been identified by Mr. G. C. Crick from a specimen 
in Dr. Blackmore’s collection obtained from Harnham, near Salis- 
bury. Itresembles Act. plenus in many respects, having somewhat 
similar swelling outlines, but is wider laterally than from front to 
back, while in Act. plenus the reverse is the case. 

The type was obtained from the base of the Act. quadratus zone 
in France, and the Salisbury specimen ig from the same zone, 
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Gasteropoda. 
SCALARIA DECORATA, VAR. FASCIATA, Ith... 
1841. Melania decorata, Roemer, Nordd. Kreidegeb., p. 82, Taf. 


13, £. 14, 


1843. Fusus costato-striatus, Munster in Goldf. Pet. Germ. iii, 
p. 23, Taf. 171, f. 18. 
1845. Turrilites undulatus, Reuss, Bohm. Kreidef. i, Taf. 7, figs. 
; 8, 9. 
1850. Scalaria decorata, Sc. subundulata, and Se. costato-striata 
in d'Orbigny’s Prodrome ii., p. 217. 
1872-75. Scala decorata, Geinitz. Elbthalg. in Sachsen, ii, p. 162, 
Taf. 29, fig. 4. ~ ; 


1881. Scalaria fasciata, Htheridge in Mem. Geol. Survey. Geology 
of Cambridge, p. 140,. pl. 1, f. 1, 


The above synonomy of Scalaria decorata is that given by 
Geinitz in the work quoted,.he having reason to consider that the 
shells which d’Orbigny mentioned in his Predrome under the 
names of. 8S. decorata, S. subundulata, and S. striato-costatus are 
really the same species in different states of preservation. 

Specimens from the Totternhoe Stone of Burwell were described 
and figured by Mr. Etheridge in 1881 under the name of Se. fasciata, 
and he remarks their close resemblance to the Fusus costato- 
striatus of Miinster, but thinks they differ in two respects, (1) in 
possessing a cord-like band at the suture, (2) in having more 
ventricose whorls ; but the figure given by Geinitz has even more 
ventricose whorls than the Burwell specimens, and the sutural. 
band is hardly of sufficient prominence to differentiate a species. 
The’ shell seems to agree in all other points with the Scalaria. 
decorata as described by Geinitz,‘and so it is proposed to regard 
the English specimens as a variety of that species. 


Lamellibranchiata. 
Inoceramus Latus, Mant. (non d’Orb.). 


1822. Inoceramus latus, Mant. Foss. South Downs, Tab. 27, f. 10. 
1828. Inoceramus latus, Sow. Min. Con., Tab. 582, f. 1. 


1840. ?Inoceramus planus, Ménst., in Goldf. Pet. Germ., Taf. 
113, f. 1. 


non Inoceramus latus, Gold‘. nec. d’Orb. 
non Inoceramus latus, var. reachensis, Hth. 


Mantell in describing this large species (Op. cit. p. 216) says that 
it equals Inoc. Cuviert in length and width, but is depressed and 
destitute of the prominent cost which distinguish that species. 
He also remarks that it is “common in the Upper Chalk near 
Brighton, Lewes, Offham, etc.” 

Sowerby gives a good figure showing an oblique shell with a 
straight hinge line and uniform undulations, obtained “ from the 
Upper Chalk near Swaffham in Norfolk.” 
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It is quite certain, therefore, that the original types of Inoc. latus 
were found in the Upper Chalk, or at any rate in the “ chalk with 
flints,” and neither Mantell nor Sowerby say anything about its 
occurrence in the “ chalk without flints ” or in the Chalk Marl. 

There is no doubt that shells agreeing fairly well with the figures 
given by Mantell and Sowerby do occur in the Upper Chalk, and 
also that by some authors they have been wrongly referred to Inoc. 
Cripsi. This latter is distinctly stated by Mantell to be a Chalk 
Mar] form found at Ringmer, Hamsey, and Offham. The name 
Inoc. latus must therefore be retained for the Upper Chalk form. 


INOCERAMUS LATUS, Goldf. (non Mant.). 


1840. Inoceramus latus, Goldf. Pet. Germ., Tab. 112, f. 5. 
1846. Inoceramus latus, d’Orb. Pal. Fr., Terr. Crét. pl. 408, f. 1, 2. 


1881. Inoceramus latus, var. reachensis, Etheridge, in Mem. 
Geol. Surv., Geology of the Neighb. of Cambridge, pl. 1, f. 3. 
non Inoceramus orbicularis, Miinst, in Goldf., pl. 113, f. 2. 
non Inoceramus orbicularis, Schliiter, Zur Gattung Inoceraraus, 
Palezeontographica, Vol. xxiv. 1877, p. 260. 
Query Inoceramus Cripsiil, Mant. Foss. South Downs, Tab. 
27, f. 11. 


The shell identified by Goldfuss with the Jnoceramus latus of 
Mantell is stated to occur in the “grey chalk and greensand of 
Westphalia,” and was therefore probably obtained from beds 
equivalent to our Lower Chalk. 

D’Orb’gny’s figure of Inoc. latus is so like that of Goldfuss that 
it might have been copied from the latter, and it appears among 
his Cenomanian, and not with his Senonian species. He refers to 
Mantell’s figure, but does not seem to have compared French and 
English specimens, while his figure bears very little resemblance 
to Mantell’s, which, as already stated, was a species from the Upper 
Chalk not the Lower Chalk. _ 

Schliiter in 1877 attempted to settle the synonomy of the 
Cretaceous Inocerami, but not very successfully. He thought that 
Mantell’s name should be abandoned, and that the Inoe. orbicularis 
of Miinster (in Goldfuss) was the same species as the shells figured by 
Goldfuss and d’Orbigny under the name of J. latus, so he proposes 
to use the name I. orbicularis. This view was adopted by 
Professor Barrois (Ann. Soc. Géol. Nord., t. v. p. 357). 

We can agree with Schliiter and Barrois in believing that the 
shell found in the zone of Ammonites varians may be identified 
with the form figured by Goldfuss and d’Orbigny under the name 
of In. latus, and also agree with them that it cannot continue to bear 
that name; but we are quite unable to regard the In. orbicularis 
of Miinster as the same species. 

It is worthy of note that in a list of Sussex fossils drawn up by 
Mantell in 1828 (Geol. Trans., Ser. 2, Vol. iii. p. 201), he separated 
those of the “ Chalk Marl” from those of the “ Lower and Upper 
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Chall,” and in this list the only Inocerami mentioned as Chalk 
Marl species are I. Cripst and I. tenuis. Further, some of the 
irregular varieties of the Chalk Marl shell more closely resemble 
the figure of I. Cripsi in Mantell’s “ Fossils of the South Downs ” 
than that of J. latus in the same volume, and we think it very 
probable that the Cenomanian and Lower Chalk form, which has 
hitherto been known as I. latus, will prove to be really I. Cripsi. 


INOCERAMUS PICTUS, Sow. 


Inoceramus pictus, Sow.. Min. Con., Tab. 604, f. 1. 
?Inoceramus cuneiformis, d’Orb. Pal. Fr., Terr. Crét., pl. 407. 


We desire to call attention to the Inoc. pictus of Sowerby because 
it seems to be a form which has escaped attention in England. It 
is elongate and straight, not oblique, like I. mytiloides, the anterior 
side is rather flat and smooth, and the valves are nearly equal and 

- equally inflated. The type specimen bore longitudinal radiating 
bands of brownish colour, and is stated to have come from the 
Chalk Marl of Guildford. The figure of d’Orbigny’s J. cuneiformis 
much resembles J. pictus, but we have not seen any French 
specimens, and to identify them it would be necessary to compare 
the types. A specimen, however, found by the Rev. W. R. 
Andrews near Westbury, in Wiltshire, resembles the figures of 
both forms and might be identified with either. 


Lima ASPERA, Mant. 


1822. Plagiostoma aspera, Mantell. Geol. Sussex, p. 129, pl. 26, 
f. 18. 


1846. Lima plana, Reuss (non Roemer). Bohm. Kreidef., p. 35, 
Taf. 38, f. 20. 
non Lima aspera of Goldfuss, d’Orbigny, nec Reuss.- 


The true Lima aspera is found in the Chalk Mar] of southern and 
central England and in the Totternhoe Stone. It has never yet 
been well figured and distinguished from the species confused with 
it by Goldfuss and d’Orbigny ; but a figure of it has been given in 
Vol. IL., p. 30, of this memoir. 

The following is the description given by Mantell: ‘“ 56. Piagio- 
stoma (?) aspera. Tab. xxvi. fig. 18. Subdepressed, obovate, with 
numerous longitudinal aculeated sulci.”:— 


“To the naked eye this shell appears as if marked with smooth, longi- 
tudinal striz, but conveys a sensation of roughness to the touch. With 
the assistance of a lens, the strize are perceived to be sulci {i.e. grooves] 
dividing the surface into flat ribs, the edges of which are fringed with 
minute sharp points. 

“It has a few irregular lines of growth: the structure of the hinge 
is not shown in any of the specimens in my possession. 

“This shell bears considerable resemblance to Lima spathula of Lamarck. 

“Localities: Hamsey, Stoneham: rare,” : 
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Jama plana of Reuss seems to be the same form, but the Lima 
aspera of Reuss, Bohm, Kreidef ii. p. 34, Taf. 38, f. 1'7, which is a 
species with angular indentations forming a series of concentric 
ridges, is not the same, neither is the aspera of Goldfuss (Pet. Germ., 
pl. 104, fig. 4) and probably not the L. aspera of d’Orbigny (Pal. 
France. pl. 425, figs. 3-6) which is an Upper Chalk form. 


LIMA ELONGATA, Sow. 


1822. Plagiostoma, Mant. Foss. South Downs, Tab. 19, fig. 1. 

1827. Plagiostoma elongatum, Sowerby. Min. Con., pl. 559, fig. 2 
(lower figure only). 

1841. Plagiostoma elongatum, Roemer. Nordd. Kreidegeb., p. 56. 

1846. Lima elongata, Reuss. Bohm. Kreidef. ii., p. 33, Taf. fig. 6 
(not fig. 9). 

1847. eh Astieriana, d’Orbigny. Pal. Fr., Terr. Crét. iii., pl. 420, 

; . 4-7. 

1850. Lima Reussii, d’Orbigny. Prodr. ii., p. 249. 

1872. Lima elongata, Geinitz. Elbthalg. in Sachsen ii, p. 40, 
Taf. 9, figs. 9, 10. 


Mantell’s figure was that of a cast from the Chalk Marl of Hamsey, 
but in his list of Sussex fossils (Trans. Geol. Soc. Ser. 2, Vol. iii. p. 
208) he refers to it and to Sowerby’s figure as those of Plagiostoma 
elongatum giving Hamsey and Folkestone as localities. 

Sowerby’s original description was as follows: “Shell obliquely 
elliptical, convex, costated ; costz few, distinct, rounded; hinge- 
line short. The coste are about 15 or 16, prominent, rounded, and 
smooth.” One of his specimens we take to be Lima parallela (see 
Vol. i. p. 449), and this is in a dark green matrix, which might be 
that of the Am. mammuillatus zone or of the Stauronema zone at 
the base of the Chalk Marl. It is stated by Sowerby to have come 
from the “ Upper Greensand ” of Folkestone. The other specimen, 
which we regard as the type of L. elongata, came from the Chalk 
Marl of Hamsey. 

We think it most probable that the foreign forms included in the 
above synonomy are the same species, but until a comparison of 
specimens with the English type can be made this must remain 
uncertain. We may, however, remark that many English specimens 
have about twenty ribs, a variable number of small ribs coming in 
on each side, and in some specimens the ribs are more or less 
roughened by small tubercles, such specimens resemble L. 
astieriana, which is described as having twenty-two ribs. 


SPONDYLUS LATUS, Sow. 


1814. Dianchora lata, Sowerby. ‘Min. Con., pl. 80, f. 2. 
1822. -Dianchora obliqua, Mantell. Geol. Sussex, p. 206, pl. 25, 
f. 1, and pl. 26, f. 12. : 
1834-40. Spondylus lineatus, Goldfuss. Pet. Germ. ii, p. 97, Taf. 
106, f. 3. 
11872. Sp. latus, Geinitz. Elbthalg. in Sachsen, I., p. 187, Taf. 42, 
figs 4-6 where a full synonomy is given, and II., Taf. g, 
figs 18-21, 
6821 FF2 
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Geinitz in the last-mentioned work thinks that a comparison of 
the figures given by Mantell, Dixon, and Goldfuss of the shells 
Irnown as B. latus, D. obliquus, and S. lineatus will leave little 
doubt of their all belonging to one species. With this remark one 
can hardly agree, for Mantell’s figures are not good enough to 
compare with any others, but it may certainly be doubted whether 
Mantell’s D. obliqua is more than a variety of Sowerby’s D. lata. 
Dixon’s figure of Sp. latus does not show the upper valve, but 
Sowerby’s figure and description agrees sufficiently with that of 
Goldfuss’ Sp. lineatus as to make it very probable that they are 
the same species ; moreover Goldfuss records his Sp. lineatus from 
“the white chalk of Lewes in England.” [Since the above was 
written the above synonomy has been adopted by Mr. H. Woods 
in his Monograph on British Cretaceous Lamellibranchia.] 

The shell was always broadly attached by the lower valve, only a 
narrow edge generally rising from the surface of attachment; 
consequently, both valves were greatly dependent on this surface 
of attachment for the form they took, and great variability is the 
result. 


OSTREA CANALICULATA, Sow. 


1813. Chama canaliculata, Sow. Min. Con., pl. 26, f. 1. 

1827. Ostrea lateralis, Nilsson. Petrefac. Suecana, 1827, p. 29, 
pl. 7, fig. 7-10. 

1848. ne canaliculata, d’Orb. Pal. Fr., Terr. Crét., pl. 471, 
. 4-8. 


non Ostrea canaliculata, Sow. Min. Con., pl. 135. 

Sowerby figured in 1813 under the name of Chama canaliculata 
a siliceous shell from the Upper Greensand of Chute, and 
the same form extends into the lower part of the Chalk. 

This shell is known on the Continent as Ostrea lateralis, but ‘t is 
also generally admitted to be identical with the Chama canaliculata 
of Sowerby. In 1816 (Min. Con., pl. 135) Sowerby deserbed a 
different shell under the name of Ostrea canaliculata, but as they 
both belong to the genus Ostrea, it is clear that the specific name 
must be applied to the first of them, and consequently Nilsson’s 
name becomes a synonym. It was rightly described by d’Orbigny 
in 1848 under the name of Ostrea canaliculata. 

The shell figured by Sowerby in 1816 (Min. Con., pl.-135) is 
almost certainly identical with that figured hy Nilsson in 1827 as 
O. lunata, and as it cannot bear the name of canaliculata, Nilsson’s 
name of 0. lunata is here used 


OsTREA LUNATA, Nilss. 


1816. Ostrea canaliculata, Sow. Min. Con., pl. 135, fig. 1. 
1827. Ostrea lunata, Vilss. Petrefac. Suecana, p. 31, pl. 6, fig. 3. 
1834. Ostrea lunata, Goldf. Petrefac. Germ., p. 11, pl. 75, fig. 2. 


non Ostrea larva, d’Orb. Pal. Fr., Terr. Crét., p. 740, pl. 486, 
figs. 4-8. Sa 
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Sowerby in the year 1816 figured a small Ostrea, “ from the 
Chalk cliff at Mundesley, near Cromer,” under the name of 0. 
canaliculata (Min. Con., Pl. 135). This form we are familiar 
with from the Trimingham Chalk, which belongs to the same 
zone as that alluded to by Sowerby. Unfortunately, the name 
had already been used as stated above, and seeing that the form 
figured as 0. lunata by both Nilsson and Goldfuss is almost certainly 
the same species, we adopt that name. _ 

M. H. Coquand (Monog. Genre Ostrea Terr. Crét. 1869, p. 58) 
has included these forms together with the 0. larva of Lamarck, 
Goldfuss and d’Orbigny under Schlotheim’s name of 0. ungulata, 
and the latter, no doubt, will have priority if M. Coquand’s synonymy 
be correct ; but we think there is grave doubt as to the 0: larva 
of d’Orbigny and of Goldfuss being the same species as that we 
here call O. lunata, and prefer, therefore, for the present, to keep 
them distinct. 


OsTREA HIPPOPODIUM, Nilss. 
1827. Ostrea hippopodium, WNilsson.- Petref. Suecana, p. 30, 
Taf. 7, f. 1. 
1843. Ostrea hippopodium, d’Orb. Pal. Fr., Terr. Crét., p. 731, 
: pl. 482. 

The forms of Ostrea which we refer to this species are of the type 
shown in the figures above noticed. To enter upon the synonymy 
of this species would require much time and a large number of 
continental as well as British specimens. Those who have most 
closely studied the Cretaceous forms of Ostrea are by no means 
agreed in this matter, as a comparison of the synonymy of this 
species given by Coquand (Monog. Genre Ostrea Terr. Crét., p. 
100 and 146, 1869) and by Geinitz (Elbthalg. in Sachsen i., p. 177, 
1871-1875) will show. 


OSTREA SEMIPLANA, Sow. 


1825. Ostrea semiplana, Sow. Min. Con., pl. 489, fig. 3. 
1833. Ostrea inzequicosta, Woodw. Geol. Norfolk, pl. 6, f. 4. 


The following are probably referable to the same species :— 


1803. Ostracilis sulcatus, Blum. Spec. Arch. Tell., pl. 1, fig. 3. 
1834. Ostrea flabelliformis, Goldf. Petref. Germ., pl. 76, fig. 1. 


1843. Ostrea semiplana, d’Orb. Pal. Fr., Terr. Crét., pl. 488, 
fig. 45. 


To what extent the synonyms given by Coquand and Geinitz may 
be correct we are not in a position to determine, but there are some 
of them with which we cannot agree. The name of 0. sulcatus was 
used by Born in 1780 (Cat. Testac., etc., 1780, pl. vil., fig. 3, p. 103), 
and consequently Blumenbach’s use of this same name for an oyster 
that may be Sowerby’s 0. semiplana cannot be adopted. 

0. semiplana occurs in the Middle and Upper Chalk and ranges 
from the zone of Terebratulina to that of Belemnitella mucronata. 


454, THE CRETACEOUS ROCKS OF BRITAIN. 


PECTEN ROBINALDINUS, var. ROTOMAGENSIS, d’Orb. 


1846. Pecten rhotomagensis, d’Orbigny. Pal. Fr., Terr. Cret., p. 
609, pl. 436, figs. 9-11. : 


1847. Pecten subinterstriatus, d’Arch. Mem. Soc. Géol. de France, 
Ser. IL, Tom. II. p. 311, pl. 15, f. 10. 


1850. Pecten rhotomagensis, d’Orb.. Prodr. IL, p. 169. 


1872. Pecten rhotomagensis, Geinitz. Elbthalg. in Sachsen, I. p. 
196. Taf. 42, f. 20, and Taf. 44, f. 8. 


If these species are identical d’Orbigny’s name has the priority. 
D’Orbigny in his “ Prodrome”’ identifies d’Archiac’s species with 
his own, and Geinitz in 1872 accepted this identification. The 
shells are certainly closely allied, and they occur in beds of the same 
age; the main difference between the figured specimens consisting 
in this that P. subinterstriatus has oblique strie plainly visible all 
over the shell, whereas in P. rotomagensis these striz only occur near 
the edge of the shell, especially at the sides. A minor differénce is that 
in the former the grooves are fairly straight and regular, in the 
latter they are very irregular and often disturbed by the concentric 
lines of growth. 

Geinitz’ figures agree more closely with that of d’Orbigny than 
that of d’Archiac. A specimen obtained by Mr. W. Hill from the 
Cenomanien of La Héve agreed with the types of d’Orbigny and 
Geinitz, while most of those from the Cenomanian of Devon and 
from the highest part of our Upper Greensand more resemble the 
P. subinterstriatus of d’Archiac. Some, however, from Devon are 
unquestionably like P. rotomagensis. 

We agree with Mr. Woods in thinking that this form is only a 
variety of the very variable species for which he adopts the name 
of P. robinaldinus, d’Orb. 


UNICARDIUM RINGMERIENSE J/unt. : 


1822. Venus? Ringmeriensis, Mantell. Geol. Sussex, p. 126, 
pl. 25, f. 5. 

1840. Cucullea Roemeri, Geinitz. Charact. der Sch. II. p. 50, 
Taf. 10, f. 10, 11; Taf. 20, f. 15. 

1846. Arca (Cucullea) Roemeri, Reuss. Bohm. Kreidef. II. p. 13, 
Taf. 34, figs. 41, 42. 


1850. Arca Roemeri, d’Orbigny. Prodr., p. 244. 

1854, Unicardium Ringmeriense, Morris. Cat. Brit. Foss., p. 229. 

1864. Fimbria coarctata, Zittel. Bivalven der Gosaugeb., p. 45, 
Taf. 7, f. 5. 

1872 %Mutiella Ringmerensis, Geiniiz. Elbthalg. in Sachsen II. 
p. 61, Taf. 16, figs. 11-13. 


This shell is generally.known in England under the name of 
Unicardium ringmeriense, but the above synonymy will show that 
it has been referred to several genera. The adult form was first 
described and figured by Mantell, but has never been figured in 
England since. The German synonymy is taken from Geinitz, 
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who in 1872 identified his Cucullea Remeri with Mantell’s shell. 
giving at the same time three good figures of different-sized 
specimens. 

Geinitz regarded the Corbis rotundata of d’Orbigny as the same 
species, but so far as we can judge from casts of C. rotundata from 
the Cenomanian of France, Geinitz is mistaken in this supposition. 

The genus Mutiella was founded in 1870 by Stoliczka (Cret. 
Fauna of S. India, III, p. 248). 


Echinodermata. 
PSEUDODIADEMA BRONGNIARTI, Ag. 


1840. Tetragramma Brongniarti, Ag. Desc. d. Ech. foss. de la 
Suisse. Tome ii. p. 25, pl. 14, fig. 4-6. 
1856. Diadema Brongniarti, §. P. Woodward. Mem. Geol. Surv. 
. Dec. 5, pl. 2, p. 9. 
1868. Pseudodiadema Brongniarti, Wright. Pal. Soc., Brit. Foss. 
Echin. Cret. pl. 21a, fig. 2 (Woodward's type). 


non Wright. Loe. cit. pl. 20, fig. 2 nec pl. 215, fig. 3. 


Dr. S. P. Woodward referred an Echinoderm in the British - 
Museum, from the Chalk Marl of Dover to Diadema Brongniarti, 
Ag., and Dr. Wright figured the same specimen in his monograph 
of the Cretaceous Echinodermata (pl. 214, fig. 2). The close 
resemblance which this species bears to P. variolare is generally 
acknowledged, and we have doubted the occurrence of the true 
P. Brongmarti in this country; but Dr. S. P. Woodward’s type 
has the ambulacra in single pairs from the mouth to the ambitus 
and thence bigeminal to the highest part of the test. It thus differs 
from P. variolare in which the ambulacra are trigeminal around the 
mouth and bi- or tri- geminal above. The higher test of P. Brong- 
niartt is a character not easy to appreciate when comparing 
variable urchins. For the above reasons we follow Dr. Woodward 
in accepting P. Brongniarti as occurring in the Chalk Marl of 
Dover; but we are unable to accept any other of Dr. Wright’s 
figures as referable to this species. 

They do not agree with the figures or the description given by 
Agassiz, nor do they agree with two examples of the true Ps. 
Brongnarti kindly sent to one of us by M- Loriol-Lefort.* Agassiz 
says that Ps. Brongniarti resembles Ps. variolare, but is more 
inflated and less depressed; the rows of secondary tubercles are 
much less apparent, the base of the tubercles is large and the 
mamelon small; the pores are in single pairs. To which we may 
add that in Ps. Brongniarti the principal rows of tubercles, 1.e., 
two on the ambulacral and four on the interambulacral areas are 
nearly equidistant from each other, imparting a very regular appear- 
ance to the test. 


* These specimens are now inthe British Museum at South Kensington. 
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PsEUDODIADEMA Macxtrr, S. P. Woodw. 


1856. Jiadema Mackiei, S. P. Woodward. Mem. Geol. Survey, 
Dec. 5, pl. 2, p. 9. : 

1868. Pseudodiadema Brongniarti, Wright. Pal. Soc. Brit. ‘Foss. 
Echin. Cret., pl. 20, fig. 2, and pl. 215, fig. 3. 


In 1856, Dr. S. P. Woodward described a new series under the 
name of Diadema Mackiei in the following terms: “ Inflated 
depressed ; lat. 24 lines; oral opening deeply sunk, lat. 6 lines; 
apical opening pentagonal, 74 lines; ambulacral pores crowded 
above; primary tubercles not diminishing: sensibly above but 
decreasing regularly below; ambulacral tubercles in two rows of 
seventeen each, at wide intervals above, the rows separated by a 
continuous granulated space; interambulacral tubercles in six 
principal rows, bordered at the circumference by accessory rows, 
the central space wide, granulated and tuberculated, becoming 
bare and channelled above. Spines slender, solid, finely striated. 
Locality, Grey Chalk, Dover (Coll. S. J. Mackie and Bowerbank).” 

He also states that a specimen in Mr. Bowerbank’s collection 
measures 24 inches across. 

Dr. Wright in the Palzont. Society’s monograph does not refer to 
this species, but some of the specimens which he refers to Ps. Prong- 
niartt on Plates 20 and 218 agree very closely with the description 
of Ps. Mackiei, and differ greatly from the true Ps. Brongniarti 
which we have already described. Specimens agreeing with these 
figures and with Woodward’s description are not uncommon in the 
Chloritic Marl, in the nodule bed at the base of the Challx near 
Chard, and in other parts of the Lower Chalk. We are disposed 
therefore to regard them as referable to Ps. Mackiet and not to 
Ps, Brongmarti. 


CrpaRIs SoRIGNETI, Desor. 


1858 Cidaris Sorigneti, Desor. Syn. d. Echin, foss. p. 446, pl. 
6, fig. 16. 
1862-67. Cidaris Sorigneti, Cotiecau. Pal. Fr., Terr. Crét., Tome vii., 
p. 237, pl. 1050, fig. 9-14. 
1871. Cidaris Sorigneti, Geinitz. Flbthalg. in Sachsen, p. 68. pl. 
15, fig. 1-19. 

This species is a near relation of Cidaris clavigera, and it is pro- 
bable that its spines have hitherto been referred to C. clavigera by 
English collectors, but we have obtained many spines and part of 
a test from the Middle Chalk of the Devonshire coast which show 
certain marked differences from C. clavigera and agree with the 
figures of C. Sorignets. 

The test resembles that of C’. clavigera and the ambulacral areas 
are very narrow with four rows of granules, the outer rows being 
much larger than the two inner rows, the granules of which are 
placed alternately. The interambulacral areas are very wide, 
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with five or six tubercles in each row, the tubercles are prominent 
and imperforate, but not large, each is surrounded by a narrow 
areola, the margin of which is bordered by a ring of large granules ; 
the mary zone is wide and studded with large granules, but 
these are fewer in number than in a typical C. clavigera. 

The spines are broadly clavate, stumpy, and very short in the 
shank, which is less than a third of the total length ; the clavate 
head is generally oval, pointed at the top, ornamented with regular 
prominent spiny ribs. These spines differ from those of (’. clavigera 
in the length of the shank, in their pointed top and more prickly 
ribs ; the spines of C’. clavigera being rounded at the top and usually 
(but not always) having a shank as long or longer than the head. 


HOoLASTER PLANUS, Mantel. 


1822. Spatangus planus, Mant. Geol. of Sussex, p. 192, pl. 17, 
Figs. 9 and 21. 

1829. Soeteneus planus, Phillips. Geol. of Yorkshire, pl. 1, 

1849-50. Priolatse planus, Geinitz. Quad. Deutsch. p. 226. 

1853. Holaster planus, d’Orb. Pal. Fr. Ter. Crét. vi., p. 116, pl. 821. 

1870. Holaster planus, Roemer. Geol. v. Oberschlesien p. 312. 

< Taf. 27, f. 12. 

1872. Holaster planus, Geinitz, Elbthalgeb. in Sachsen, p. 9. 
Taf. 3, figs. 2 and 3 (eight views). 

1881. Holaster planus, Gosselet. Esquisse Geol. du Nord, Tom. II. 

pl. 21, fig. 10. 

1881. Holaster levis var. planus, Wright. Pal. Soc., Brit. Foss. 
Echin. Cret. pl. 79, fig. 1a, b. 

Non Holaster levis var. planus, Wright Op. cit., p. 317, and 
pl. 62, fig. 2. 

Holaster planus is not a large urchin, its full size being usually 
13 to 12 inches in length ; it has an oval outline when viewed from 
above, a rounded and inflated cross outline when seen from front 
or rear. The test is thin and covered with sparsely and irregularly 
scattered tubercles; the base is convex and the margins rounded, 
not a flat base with a sharp edge as in Holaster nodulosus and H. 
trecensis. In well preserved examples a fasciole may be traced 
around the amb.tus. The periprocte is situated in a slight depression 
about half way up the posterior of the test, a character by which 
it is easily distinguished from other species. 

Hol. planus was well described and figured by Geinitz in his 
Elbthalgebirge in Sachsen (1872), except that his specimens seem 
less convex beneath than most English examples. This species is 
specially characteristic of the lowest part of the Upper Chalk, but 
is found also in the uppermost part of the Middle Chalk: it has 
never been found below the Jerebratulina zone and is rare in the 
Micraster cortestudinarium zone. 

The form described by Wright as H. planus is not this species 
but a variety of H. levis or H. nodulosus. The specimens figured 
on his Pl. 79 are, however, the true H. planus. 
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HOLASTER PLACENTA, Aq. 


1840. Holaster placenta, Agassiz. Cat. Syst. Ectyp. Echinod. Mus. 
Neocom., p. 133, and Cat. Raisonné, p. 2. 


1849-56. Holaster placenta, Cotteau. Echinides Foss. du dep. de 
l’Yonne, p. 486, pl. 82, fig. 3. 


Cotteau was the first to give a figure of this species, and his 
description is as follows: “ Testé maxima, oblonga, inflata, superné 
depress4, inferné plana, antice rotundata, vix emarginata. Vertice 
subantico. Zonis ambulacrariis strictis, feré equalibus, anterioribus 
paribus subrectis. Testa tenuissimé et fragili.”’ 

Height, 40 mm. Width, 86 mm. Length, 91. Horizon, chalk 
with Micraster cortestudinarium. 

This species has been known for many years in France and has 
been recognised by French geologists in English Chalk* ; but it is 
only recently that its existence has been admitted by English 
geologists, and notably by Dr. A. Rowe, of Margate, and Major- 
General Cockburn. of Dover. Dr. Rowet has shown that it ranges 
from the zone of Rhynchonella Cuviert to that of Actinocamar 
quadratus, though it is commonest in those of H. planus and Aficr. 
cor‘estudinarium. 

This species is easily distinguished from H. planus by its flattened 
under surface, by the low position of the periprocte and by its 
general larger size. It much resembles Holaster trecensis, but can 
be distinguished by the thinness of the test, a character in which it 
resembles H. planus. 


*By Hébert, near Dover, see Bull. Soc. Géol. de France, Ser. 3, Tom. ii. 
p. 424 (1874), and by Barrois in Hampshire, Recherches sur le terr. crét., 
Sup. p. 41 (1876). 

( + a zones of the White Chalk, &c. Proc. Geol. Assoc., Vol. xvi. p. 289, 
1900). 
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B.—GENERAL LIST OF FOSSILS FROM THE 
CHALK OF ENGLAND. 


The following catalogue of the fossils from the Chalk of England 
has been compiled principally from the lists given in the text of this 
memoir, and the sources from which these lists have been derived 
have been acknowledged in each case. 


The old collections of Chalk fossils which exist in many museums 
are of little stratigraphical value because in so many cases the 
horizons and localities from which the specimens came have not 
been preserved with sufficient accuracy. Now that the zonal 
method is acknowledged to’ be the only way in which the strati- 
graphy of the Chalk formation can be studied with any hope of 
success, it is essential that the precise “ gisement ” of every fossil 
should be properly recorded by the finder if his fossils are to be 
made of scientific value. Either he must determine the zone from 
which each specimen came or he must record the exact quarry and 
level in the quarry (if a large one) where the fossil was found. ~ 


For want of such information many species appear in the following 
catalogue without any indication of the zone in which they occur. 
We hope that some of our readers will be able to fill in these blanks 
during the course of their further collecting, and any such informa- 
tion will be gratefully received either by the author or by the 
Director. 


Besides the fossils collected by the author and Mr. Hill, and by 
Mr. Rhodes under their superintendence, in the areas which were 
surveyed or examined for the purposes of this memoir, the following 
sources of information may be mentioned :— 

1. The lists given by Prof. Barrois in his Researches on the Chalk of 
England, and the Index to these published by Mr. E. Westlake. 

2. The lists published in various papers by Mr. W. Hill and the author. 

3. The lists published by Dr. A. W. Rowe in his recent papers on the 


White Chalk of the English coast (Proc. Geol. Assoc., Vol. xvi. p. 289 and 
Vol. xvii. p. 71). 

4. The lists in the papers by Mr. H. Woods on the Fauna of the Chalk- 
Rock (Quart. Journ. Geol. Soc., Vols. lii. and liii., 1896-1897.). 


5. Unpublished lists, kindly placed at our disposal by Dr. H. P. Black- 
imore, of fossils collected by him from the several zones of the Chalk near 
Salisbury. ; 

6. Unpublished lists of fossils, carefully collected from various parts of 
Hampshire, and from the Isle of Wight by Messrs. Ch. Griffith and R. M. 
Brydone, and kindly communicated by them. 

7. A list of fossils found in the Upper Chalk of Yorkshire, for which we 
are indebted to Mr. Stather of Jtull. 
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With respect to nomenclature :— 


Mr. E. T. Newton has revised the lists of Reptiles and Fishes. The fourth 
volume of the Catalogue of Fossil Fishes in the British Museum was 
published after this list was in type, and thus we have not been able to take 
full advantage of Dr. Smith Woodward's valuable work. 


The species of Nautilus have been named, in accordance with the British 
Museum Catalogue of Cephalopoda, by Messrs. Foord and Crick. 
. The Bryozoa have been revised with the assistance of the British Museum 
Catalogue by Dr. J. W. Gregory. 


The list of Entomostraca is based on that given by Messrs. Jones and 
Hinde in their Monograph in the Palzont. Soc., volume for 1889, supple- 
mented zonally by Mr. Chapman’s identifications of species obtained by 
Mr. W. Hill in the course of washing many samples of chalk. 


The list of Foraminifera is chiefly due to the labours of Mr. F. Chapman, 
who has not only published lists of the species found at Taplow, Lewes, 
and Swancombe, but has identified all the species isolated by Mr. Hill in 
the course of his microscopical work (see p. 349). 


The list of Sponges is based on the British Museum Catalogue by Dr. 
G. J. Hinde, who has also been kind enough to identify many specimens 
sent to him from time to time. 

The following list is designed to show the zonal range of the 
species, so far as existing information allows, but it must be remem- 
bered that our present knowledge is very imperfect, and that many 
of the species may have a longer range than is indicated in these 
columns. There are also gaps which will doubtless be filled up by 
those who continue to collect carefully from the zones of the Chalk. 

Besides the zonal arrangement some indication of geographical 
distribution has been attempted, the method adopted being the 
same as in the first volume of this memoir. Thus the reader using 
this list will be able to see at once in what zones any given species 
has been found, and also from what parts of the country it has been 
obtained. 

The following is an index to the contractions used :— 

Be= Berkshire Mar = Margate. 

Bd= Bedfordshire. MC=Middle Chalk. 
Bk=Buckinghamshire. Mid= Middlesex. 

Cam= Cambridgeshire. MB=Maiden Bradley (Wilts.) 


Ch=Chard and Chardstock. Nor=Norfolk. 
Ct=Charlton (Kent). ND=North Dorset. 


De=Devizes. NW=North Wiltshire. 
Dev = Devonshire. Ox=Osxfordshire. 
Do=Dover. Sal=Salisbury. ~ 


Dor= Dorsetshire. 
E= Eastbourne. 
Es= Essex. 
-EK=East Kent. 
F=Folkestone. 
Ha= Hampshire. 


He=Hertfordshire. 
Hun= Hunstanton. 
JW=Isle of Wight. 


LC= Lower Chalk. 


Lin= Lincolnshire. 


Suf =Suffolk. 
Sur=Surrey. 
Sus=Sussex. 
SD=South Dorset. 
Sp=Speeton. 
Tr=Trimmingham. 
UC= Upper Chalk. 
WD = West Dorset. 
WK=West Kent. 
Yo= Yorkshire. 
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glele SISISISISIBlSlSlISisis 
aiS/2\aleia\2/2|ais/3\aigialg 
BISIAISIS|S(S (S/S jal [S|s[S|s 
*/1)2)3/]4)5)]6)7) 8] 9 |10)11| 12/13) 14 
REPTILIA. 
Ornithosauria. 
Ornithocheirus Carteri, |}-|1})-|-|]-]-|-]-|-}-|-]-]-|]-]-]1 Cam... 
e 2 Seeley a 
*e compressirostris,| * )-|-|-|-|-|]-|]-|]-|-|]-|-|-|-|-]| LC. Burham (Ptero- 
wen dactylus). 
a Cuvieri, Bowerb. | * |-|-|-}]-|-]-}]-]-|-|-]-|]-|-]-] ZC. _ Burham and 
: Halling. 
e diomedius,Owen |-|-]-|]-|-|]-|-]-|-|]-]-]-|-|-]|-] (Cimoliornis, Owen) 
Mid. C., Kent. 
ie giganteus, Owen |-|-)]-}-|-|-}]-]-|-|]-]-]-|-]-]|-]| LC. Burham (Ptero- 
dactylus). 
‘a Fittoni, Owen ef-[1]-]-]-]-]-]-d-]-}-[-b-]-T- (Pterodactylus)L Cam. 
5 sp. - -}-;-}-1}-[-]-]-]-]-]-]-[- 1-1 -]-| MC. and LC. Kent 
nish ees (Lydekker). 
Cimoliornis diomediua, 
Owen (see Ornithocheirus 
giganteus). 
Dinosauria. 
Axanthopholis  eucercus, |}- | 1/-|-]-]-|-|-]-]-}|-|-|-}|-|]-]|1Cam. 
* horridus, Hualey }-|1]-|}3]-|-|]-|]-]-]-]-]-]-]-]|-] 3 Folkestone. 1?Cam. 
a stereocercus, |-|}1]/-|-|-|]-|}-|-]-|]-|-]-|-]-]-]1 Cam. 
Seeley 
Anoplosaurus curtonotus,}-j}1]-|-]}-|-|]-]-|-|-|-]-]-]-|-]1 Cam. 
Seeley 
Anoplosaurus major, Seeley -}-]-}-]-]-]-]-]-]-]-]-]-]- Cam. 
Iguanodon Hilli, New'on -|}-|-|-|[31-J]-]-|-]-|-|]-[-}-|-[- 3 Ariesey (T.S.). 
Macrurosaurus semnus,|-}|1]/-|]-|-]-|]-]-]-]-|-]-]-]-|-|1 Cam. 
Seeley 
Trachodon cantabrigiensis, |-|1])-|-|-|-]-|-]-|]-]-|-|]-]-]|-| 1 Cam. 
Lyd. | 
Squammata. 
Acrodontosaurus. Gardwri, 
Hulke (see Pachyrhizodus, 
Pisces). 
Liodon anceps’ - =  ef-f-P-}-]-]-]-]-]-]-]10] - |12]13] -] 10 Sal. 12 Sal. it 
Mar. 13 Nor. 
Mosassurus Camperi, Meyer | -|-]|-|-]-}-]-]|-]-]-|-|]-]-]-]|-] (= M. Hoffmanni.) 
“ stenodon, Charl. 
(see Liodon an- 
ceps). 
ie gracilis Owen |-|-|-|-|-|-|-]-|-]-]-]-]12]-]-| 12Sal. 
” Bp. -  - -f-{-]-]-]-|-[-]-]-]~-]20] 1 -] -]-] UC. Gravesend and 
. Ramsgate. 
Coniasaurus erassidens, |} -|-|-|-]-|-|-]-]-|-]-]-|-|-]-] LC. Washington and 
wen near Charing. 
Dolichosaurus longicollis, -|-|-]-]-[]-]-]- eee Lydden 
jpout, f 
Raphiosaurus gubaliaena: -|-}-]-|-]-d-]- LC. Cambridge. 
Owen 
Saurospondylus dissimilis, -|-|-]-]-]-J]-]- 4 Cam. 
Seeley 
Ichthyop!erygia. 
Ichthyovaurus campylodon | - -|-]-|]-]-}-]-]- 1 Cam, E. 3 E, F, 
Carter |* Bd Cam. 4 Do. 
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THE CRETACEOUS ROCKS OF BRITAIN. 


Lower Mid'le 
Chalk,  |Chalk| | Upper-Chalk. 
=| le 
FI a]. g Fy 
2lsjale} |e #8 s| 4 
{8{S/213| lla [sla] |2la]4 
gl2)a("/s|alS/Sl4ls| Sl elzlsl2 LOCALITIES 
SPECIES. SS /2/alBlalClelel2|s/S/s1 5/5 : 
BIS ele S/Siaieis/ else S)s|7 AND REMARKS. 
Ale else )e lela] alee Z| SE 
3 3 ais Rid S{ ale] 
ni|s ols a S,/o/2/8 3 
elele|sl2|</2la(a| 5/3 (4/</a/S 
slelalS[s/sle|s]s[Sisls/ s/s] 
e/Sie 218/821 212(812|3/8/2/2 
SISIAIS|S|S/IS (S/S |siS[S|sS[sjs 
*11/21/3)415]617] 8) 9 |10)11) 12) 13) 14 
REPTILIA—Cont. 
Sauropterygia. 
Cimoliosaurus Bernardi, *li]-|-1]-]-]-|7]-]-]-|-|-|-|-] @lesiosaurus)1Cam ° 
_ Owen 7 Sus. 
is constrictus, *)-|-]-]-]-]-|-]-|]-]-|-|-|-]|—- | @lesiosaurus) Steyn 
. wen ing. 
“4 Smithi, Owen -|-|-|]-]-|[-]-]-]-|-]-]-]|-]-|-]|- | @lesiosaurus) MC 
p Burham. 
‘i planus, Owen-|*11]-|-}-|-]-]-|]-|-]-|-]-|7- | - | (Plesiosaurus) 1 Cam. 
» pachyomus, Owen 
(see planus) 
ap. - : -|-]-J-]-]-]-]-]-]-]- 11/12] -|-] 11 Sal. 12 Sal. 
Polyptychodon interruptus, | */1]-|3]-]-]-|]7]/8]-|-|-]-|-]-|1CamE. 3B, F. 4 
Owen He, Cam, T 
Arundel. 8 Do. 
Chelonia. : 
Emys sp. - - - -}-/1}]-]-]-}-]-]-]-]-]-]-]-]-]|- | 1 Cam (Seeley). 
Testudo, sp. -f}-J1]-]-]-]-[—-]-[-]-]-]-]-]-]- 1Cam (Seeley). 
Chelone (see Cimoliochelys). 
Chelonian bones - - -/1l}-};-]-]-]-]-]-]- -|-]-]-]|1Cam, LC. Glynde. 
Cimoliochelys Benstedi, -{-/-{-]-]-]-]-]|-]9]-]-|-]-]-] Cc. Burham, MC, 
Owen Kent 9 WK. 
ss Camperi,Own|-|-}-}-}-|-}-|-]-]-]-]-|-]-]|-] ?=Hoffmanni, Le. 
Burham. 
” sp. . . -|}-]-[-]-]-}-]-]-]-]-]-|]-]-]-]-] 2. Dover, uc. 
Rochester. 
Lytoloma cantabrizlente, -j1f-|-}-]-]-]-]-|-]-]-]-]-]-| 2 Cam. 
yd. 
» Sp -|-/1}-]-]-|-]-]-|]-]-|]-]-]-]-]|-]1Cam, Mo, Halling. 
Rhinochelys sp. - - -|-}-}-|]3]7-]-]-|-]-|]-}-|]-]-]-|-] 8 Dover, LC. near 
Lewes. 
Protostega anglica, Lyd. -|-|-|-|-|]-]-|-|-]-|]-]-|-|-]|-|-| Chalk of Lewes & 
Dorking. 
PISCES. 
1.—Elasnwbranchii. 
Acrodus cretaceus, Dixon e 
(see Cestracion canalicu- é 
latus). 
Acrodus Illingsworthi, Ag. | - |1]-]3]-|-|-]- -|-|-]-|-]-|]1Cam. 38 s. 
ii transversus?, 4g.-|-|]1]-|-]-|-|-|-|-|- - -|-}1Cam. 
Caneienny Thin ee nhs -}-|-]-]-]-|]6]-|-]-]-]-|]-]-|-] 6? Burham. 
‘oodw. 
Coxtrastonienuaiianie tan £g|*}11]-|]3]/-j-|-|-]-]-]-]-|12]-]-|1Cam. 3Sus 12 fal. 
a rugosus, 4g. -|-|-|-|-|-|-|-|-]-]-|10]-]-|-]|-] 10 WK. 
- sulcatus, 4g. -|-|1]-|-|-|-|]-|-]-]-|]-]|-|-]|- | -]| 1 mear Maidstone. 
Corax affinis, 4g.- - -|-|-}-]-]-|-]-]-]-] + {20]11] -]13] - | 10 Sal 11 Mar. 13 
Nor. 
»» falcatus, Ag. (=hetero-} *|1]-|3)4/5|6) 7) 8] 9 |10)11)12)13) -| 1 Cam. 3 Sus, F.4 E. 
don, Reuss). Ha, Bk, Cam. 5 ¥. 
6 Ha, Dev. 7 Com- 
mon. 8IW,Bd,He. 
9 to 11 common. 
12 Sal, Sus. 13 Sal, 
0. Nor. 
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Lower Midl’e 
Chalk. Chalk.| Upper Chalk. 
= 
3 . . 
q a a ‘sed E E «|: 
ri eo) s ali a a] s 4 
ele? /2/3| [2/4] l2(2|_/4lsl4 
ree #/3/2|.|S/2lela|2/el2 (s/s les LOCALITIES 
— bf Pl 
Bs Ele Ss /Sl2| 8213/2 / 3/8) 5| 41314 AND REMARKS. 
Alelals|2(ersls| ele] eo] a] 5) 818 
Slsl2lelslelelelsislelaigislé 
£/2/8/S/EIS/E le als lala (S aio 
BlElalsl 3313/2 /S/2/s/ S/S ls 
51S/513/2/8/8128/2|5/818| 818] 2 
So ® 
BIS(AlS[S|s[S[S[S[slS[s[S[sls 
*11/721/314/6/6]7] 8) 9/10/11) 12)13)14 
PISCES—Cont. 
Elasmobranchi:—Cont. 
Corax maximus, Dixon -J-}-]-]-]-]|-]-]-]-'-]-]-]12]13] - | 12 Sal. 13 Nor. 
» pristodontus, Ag. -|*}-]-|]-[-]-[6]-]-'-|10]11/ 12/13] - | 6a. 10 RK. 11 Ha, 
Mar. 12 Sus. 13 
Nor. 
Drepanephorus (see Cestra- 
cion). 

Galeocerdo Jaekeli. A. S. p 

/ oodw.|-}-|-]- -}-|-]- -]-]11]/12] -|-| 11 Sal. 12 Sal. 

Gomphodus sp. - - -|-|-]- -|-}-|]- -]10]-]|- | -|- | ?10 Charing. 

Hybodus (see Synechodus). i 

Lamuna acuminata, Ag. (see 

Oxyrhina Mantelli).| 
»  appendiculata, Ag. | *|1/]2/38]4/5]6]7 )8 9}10/11]12]13) - | Common throughout. 
» areuata, ASW. -)-|-]-)-]-]-]-}-]-i-]-]-]—]13] — | 18 Nor. 
»  Macrorhizs, Cope -|*/}1)-|-|]4/5]- - | ~]10}11]12]13] - | (=L. gracilis, P. &C.). 
| 1 Cam, 4 Bk, He, 
Cam. 5He. 10 WK, 
| Sal. 11Sal. 12 Sal. - 
13 Nor. 
n « raphiodon, Ag. (see 
Scapanorhynchus). 
»  semiplicata, 4g. -|-|-]-|]-|-|]-|]-|]-]- 9? 10) -]- ‘- |?9Rochester 10 Ha. 
» sera, A. S. Woodw.|-|-|-}-}]-|-|]-|-|]- -|-]-|12 - 112 Sal. 
ii subulata, Ag. (see 
Scapanorhynchus). 
»  suleata,Gein.- -|-]-}-]-]-|-|-}-]- -]-]-]-]-]|-] £C.. Dover. Also 
pl.catella, Reuss (see ie Chalk of Sussex 
Scapanorhyn- and Surrey. 
chus raphiodon). a 
Notidanus microdon, 4g. -]*|1|-|3]4]-|6] 7 |- 9]10/11|12]13| - | 1E,Cam 3F, Sus. 4E, 
WK, Bd, Cam. 6 
Sus. 7 Sus. 9 WK. 
10 EK, WK. 11 Sal, 
Sur, EK. 128al. 18 
3 pectinatus (see Nor. 
N. microdon). 
a sp. (large) - -|-{]-|-|-]|-|]-]-|]-|]- -|]-]-]-]-|-| 147 
O:lontaspis yracilis, P. and 
C (xee Lamna macrorhiza). 
Otodus (see Lamna). 
Oxyrhina angustidens, Rewss| *|-|-]3]4]-]-|]-|]- -]10}-]- | 13] - ge a 10 WK. 
or. 
ry heteromorpha, 
Reuss (see an- 
gustidens). 
4 crassidens, Dizon |-|-|-|-|-|-|6|7]- 9]10|-|12)-|- | 6Sus. 7Sus. 9 Sus. 
10 Ha. 12 Sal. 
si Mantelli 4g. -|*|1/2/3}4!/-|6]7]8 9|10/11/12/13)14) 1Cam. 3 F. Sus. 4 Ha, 
Cam,Bd. 6Ha. 7 
Do, Ha, Sus. 8 Ha. 
He. common from 
9 to 12, 13 Nor. 
14 Tr. 

Ptychodus decurrens, 4g.|*|-|2)3/4/5/6}7{|- 9 |10) - |12)/13) - Common in3to 7. 9 
(incl. P, depres- 10 WK. 12 
sus, Diz.). Sal. 

Fa latissimus, 4g.-| *| -|-|3]-|-|-|7|8 -]10]-|-|-|-|7He 8Bd. 10 WK, 
a. 
i levis, ASW. -[-|[-|-]-14]-J-J-t- -t-t-t-b-te 4 Dover & Burham. 


464 THE CRETACEOUS ROCKS OF BRITAIN. 
Lower Mid 'le 
Chalk. {chatk.| Upper Chalk. 
eo z fis 
gl] gigi jal | (2/8 a ie 
‘ i=] Sm] ‘ 5) 3 
slsa|iei|e cae a | a/S}. 
Alal/Pl sla sis a|'s Elala 
Bl3]/el"=lelalslslajo|2/a/#) Els 
SPECIES. Blels|s|PlelC is] elsiei2i3/ 8/8 LOCALITIES 
: SIS e(s/BIS S/2/S1818)2)2/8/e| anv Remanss. 
slelels| |= elSyalelelei cy] els 
- jala/elolslsi/2reisislslejeisls 
B(o/S/ S/H] le lm] s/aja lias), 
glelelS(s[s/slsis/Sl|s]sjsl sis 
B/S/e/aleiajeigieisigiaisial 2 
BISIASISIS|S(S/SlalSlsls/Sis 
*11/)2/3 4 5/617] 8] 9 |10/11;12) 13) 14 
PISCES.—Cont. 
Elasmobranchii—Cont. 
Ptychodus mammillaris, ?)-|/-|3]4]5]6] 718 ]9 410) - | -|]13)-]| Common in 4 to 9 
Ay. . 108us,Ha. 13 Nor. 
” mammillaris -/-{|-]-]-]-]-]-]-]9]-|-|-]-]-]9WE. 
var. altior, Ag. 
a Mortoni, Mant. | - | - | - | - -|-}-]- ]-]-]-|-]-]|-| Chalk of Winchester, 
ms Oweni, Diwon -}-]-]-|]-|-]-]-|]-|]-]9]-[- -|-| 9 Sus. 
paucisulcatus, 
Dia. (sce latis- 
simus). 
a polygyrus, 4g.-|-|-}-|-/4/5]6]7]-| 9/10) 11)-)-]- 4 WE, Sur, Ha, Cam. 
6 Do. 7 Do, 
Le 8 Do. 9WK, 
Do. 10 WK, Sal, Ha. 
ny ; 11 ND, Sal. 
& rugosus, Dizon - -}|}-}]-]-]-]-]-]-]-]9]10)-]-]-]-] 9 Sur. io Sur, WK, 
” sp. : cal ed ti -|-}-1-]-}-]-|-}-]-]- 
Scapanorhynchus _raphio-) *|1/-{|3/4/-]|6 7/8] -|10)11]12/18)-|1 E, IW. 4 Ha. 6 
, Ag. Dev. 7 Ha. 8 Es. 
10 Ha, Sal. 11 Sal, 
Yo. 12 Sal. 13 Nor. 
x subulatus, | *)1]-|3|4|-]6|7|-|-|10)11/12/13}/14)1Cam. 3F,E. 4Bk, 
Ag Bd,Cam. 6Do. 7 
Sus. 10 Sur, WK, 
EK. 11 Mar. 12Sal. 
13 Nor. 14 Tr. 
x gigas -|/*/1)-|-]-]-|-|-|]-]-]10|}-]-]-|-|1Cam. 10 WE. 
sp. - -f/-|-}-}-|-J-t-|-l-l-dolaiaicdc - 
Scylliodus antiquus, 4g. -|-|-|-|-|-|-|-|-]-|-|20}11]12] -|- 10. Sal. 11 Sal. 12 
al. 
Sphenonchus gp. (defence)-|-|1)-|-]-j-]-]-|rdrdrtotrycdc 1 Cam. 
Squatina Cranei, A.S.W.  - -|-|3]-|-]-]-]-]-]-]-|]-]-]-]2 — Clayton (Sus- 
sex). 
5 sp = ef -|-]-]-}-}-]-}-}-]-]-]-]-] 7] 0 ob Gussex. 
Synechodus dubrisiensis, 
Mackie |*|-|-j-|-|-{-]-]-]7- - |12| - | - | Ch. of Sussex. 
‘i sp. = +) -f-d-}-]-]-)-]-]-]-}-d-]-] p28] 7 | 8 Nor. : 
i sp.(dorsalspine) |-|1]-|-/-/-|]-]}-]-]-][7- -|-|-|1Cam. 
2.—Chimeroidet. 
Ceelorhynchus cretaceus, -{-|-]3]-]-]-]}-]-]-]-]-}-]-] 7] 38us 
icon 
Edaphodun Agassizi, Buckl. |-j}-|-]8]-!-f-}-prtryrtr pry cd 8 Sus. (Hamsey & 
Clayton). 
a crassus, Newton | *|-|-|-]}-]}-}-]-[-]-]20}-]-j-y7- 10 WK. (Charlton). 
i gigas, dg.- -|-|-|-]3]-]-]-]-[-]-|-])-]-]-]7| 38us 
i Mantelli, Buckl. |} *|1)/-/38/4/-}-]|-|-]-]0)-]-]-]7- 1E. B, 3 Sus. 4 WK. 
“ Reedi, Newton - | * | - -/4/-J-]-]-]-d]-]-]-]-]- 4 Sus. Giynde), 
7 Sedgwicki, 4g.- | * | 1 3/-|-{-]-]-]-]-}]-]-[/18]-|1 Cam. 38 Lewes, 
13 Nor. 
Elaemodectes Willetti, -|-}-/-|-]-]-]-]-]-]-]-]-|-]-| 38, Sus. 
Newton 
Ischyodus brevirostris, Aq. 
see I, Thur- 
z manni). 
ii incisus, Newton -|*|-}-]}-|-]-|-]}]-]-]-}-]}- - }- | LC. Sus, Burham. 
Si planus, Newton -/-]-]-}-]-]-]-]-]-]-]-]-]- [18] - | 18.Nor. 
we | Puasa... | * =< = | me pe eee -|-] “Chalk of Sysses.” 


GENERAL LIST OF FOSSILS. 


465 


Chal. [ehate] Upper Chalk. 
a eo 3): 
S sl2l2| |g : El al 
elEl=/2/2| lela] .|2/3) |Z] alg 
2)3)8/ 3/18 5/8/8/3/2/g/8lel3 Localities 
SPECIES: E 2) e)</3 5 4 3 a 2 é 4/4)8|2] any Remanus. 
Zz o 
SIElBIEISISIElS/a/ 85/2 7) #18 
n o{ol#l/aslelis Llaleialis 
s/Sls/Slsl2(Slelals|s)2/<|8|é 
slBlalS[S[sislsl sisi sislsisis 
2/$/2\3|3/3)/812/ 8/2/28] 2/8] 2 
&/16/A/6(S(S/8|S|Sls/8/8/s[s|s 
*11)2]3]4]5]6]7 | 8] 9] 10) 11] 12) 13] 14 
PISCES—Cont. 
3.—Teleostomi. 
(a. Ganoids.) 
Acrotemnus faba, A4g.- -|-|-|-|-|-|-]-]-]|-|-|-]|-]|-|-]-] Chalk of Sussex. 
Anomceodus angustus, 4g. | *|1)-]-|-|-|-]-|-] 9/10/11] -|-]|-]|1MB. 9Sus. 10 WK. 
11 Mar. 
+8 eretaceus, Ag. 
(seeA.angustus). 
Willett A S.W.| - | - ~|%)]-1-1]-)]-]-1-]-]-]-]|- | LC. Glynde, Sussex. 
Ancistrodon sp. : -|-|-]-]-]-]-]-]-]-] - [10]11]12]13] - | 10 to 18 Sal. 
attenuatus, |}-|-]|-|-|-]-]-|-|-]-|-]-]|-]|-]- | Chalk of Sussex. 
= 
‘a cinctus, 4g.}-|}-|-|-|]-|-j|-]7]-]-]-|]11]-]-|-|7 Ha. 11 or 12 
me 11 
Caturus? similis, Ag. - -|-]-|-]-|]-]-]-]-]-|]-|-]-|-]- | Sussex and Kent. 
Ceelodus anyustus, Ag. (see 
Anomceodus). 
» faba, Ag. (see 
Acrotemnus). 
»  fimbriatus, 4.8.7.) -]-|-}]-|]-]-]-]- -|-|]-|]-]-]-]| LC. Halling. 
»  parallelus, Divon-|?}]-]-}-|]-}]-|-|-|]-j]-|]-]-]-|-]- | Chalk of Sussex. 
Gyrodus angustus, Ag. (see 
Anomceodus). _ 
rr eretaceus, Ag. -;-]-]J-]- -|6 -|-|- -|-|- | Chalk Lewes & 6 Ha. 
Lophiostomus Dixoni, fg. -}|-|-}-|e¢|-j-]|-|-]-|]-]-]-]-|-] - | Sus (Alfriston). 
Macropoma Mantelli,.4,.-|-|-|-|3]4]-|6]7]8j-]10]/11}12|-|- | Commonin3&4. 6 
Ha. 7 Do, Ha. 8 
WK. 10EK. Sus. 
11 Mar. Sus. 12 Sus. 
» Bp - + -f-J]-]-}-}-]-]-]-]-]-]- ]- 12] -] - | 12m. 
Neorhombolepis excelsus, | - | - -|-|-]-]-]-]-|]-]-]-|-]- | LC. Halling (Kent). 
ASW. 
Phacodus punctatus, Dizon | - | -|~|-|-|-|-|]-]-|-|-|-]-]|-|- |chalkof Lewes (inde- 
terminable). 
Pponowa aa Sie dell le IC eke ee ee 
enodus marginalis, Ag. 
(see Gyrodus cre- 
taceus). 
Ps parallelus, Dix. 
(see Coelodus). 
(b. Teleosteans.) 
Acrognathus boops, 4g. - -}-]-]-]-]-]-]-]-d-]- - | - | UC. Kent and Sur. 
Aipichthys nuchalis, wer -}-f-]-]4]-d-]- -|-|- -|-] 48us. 
(in Dixon) 
Apateodus striatus, 4g. -|-|]-|-|3]4]-|-|7]-]9|-|-|-|-]-]48ur Cam. 7 WK. 
- lanceolatus, 
eg a Velo br df ea et fmt bel at beled gern ros 
i Ag - -J-J-|]-J]-]4]}]-[-]-]- -J-|]-|-]- urham (Ken 
aaaciaaiaiigts UC. Dorking. 
Berycopsis elegans, Dizon -|-|-|-|8]4]-]-|7]-}-]-]-|- - sou 2 Burham, 7 or 
Berycopsis major, A.S.W. |-|-|-|-|-|-|-|-]8]-|-]-|-|-]- | 8Cuxton, Kent. 
* pulchella, 
A.s.w.|-|-|-]-]4]-]-]-]-|]-]-]-]-]-]-|4Do. 
Beryz microcephalus, (see 
Ctenothrissa). 
» ornatus (see Hoplo- 
pteryx lewesiensis). 
» Yvadians, (see Cteno- 
thrissa). 
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THE CRETACEOUS ROCKS OF BRITAIN. 
Lower Mid'le 
Chalk, Chalk, Upper Chalk. 
ry 5 
8 d a 
Ame g J 5 E 
als|4 Ble BIE a 
alElSIELE) [Elz] el lel el EEE] xoco 
s | sj 3 BA ALITIE! 
SPECIES. elS/2/ 813] e/2/2/e/ 218 /2/2| 812 J 
8|<18 B/Sl/el214/8/s]/Slelele AND REMARKS, 
LIB els 21H 2/4) ele a\)ola)3 
ls ele/sielBle/s]elsieisisiz 
slelales(<lale(2|s/2/4/<14/6 
ZlElalalS|S/S] S/S lal S/ o/s] sis 
BIS/ElE ae /2iei2) sie el] e2lale 
21a] 2 
B/E /A/S/ S/S SIS 18s [S(S/8/S/8 
*71/2/3)]4)5)6)] 7] 8] 9 | 10) 11] 12/13) 14 
PISCES—Cont. 
Teleostomi—Cont. 
Beryx superbus (see Hoplo- 
pteryx). 
Calamopleurus anglicus, (sec 
Syllzemus.) 
Cimolichthys lewesiensis, | -|-|-|3]4]-|-|7]-]|9|10]11]12]13|14| 8 WK. 4 Do. Sus, Ha, 
Mant. Nor. 7 Sur. 9WK. 
10 EK, Ha, Sus, Suf, 
11 Mar, Sal. 12 Sal. 
13 Sal, Nor. 14 Tr. 
oy striatus, Ag. |*}|-|-|3]4)5]-|]-|-]9|-]-]-|-]|-]3Sus. 4Bd,Cam. 65 
(?=Apateodus) Cam. 9WK. 
Cladocyclus lewesiensis. Ag. - -J-}-|-|-|-]-|10]-}-]|-]-] 10 Sur. 
Ctenothrissa microcephala, | - | - 3/4}-]-|-|-]-]10]11] -]-|-] 3Sus. 4 WK. 10 WK. 
Ag. : z 11 Mar. 
radians, Ag. -|-|-}]-]3|4]-]6]7]8]9]10/11]12| -|]-] 3 Sus. 4 Sus,He. 6 
Sus. 7 Ha, Sus. 8 
to 12 Sus. 
Daptinus (see Saurodon). 
Dercetis (see Leptotrachelus) 
Elopopsis crassus, Dizon -|-|-}-|~-}-|-]-}7]-]-|]-]-]-|r 7 7? Eus (Malling). 
Enchelurus anglicus, 4.S.W | --|-]-|-|-|-|-|-]-]-]-|-]-]-|-]| Le. Kent. 
Enchodus lewesiensis, Mant. | * | 1 3/)-|6 7)819]10)11)12]/18]14| 1Cam. 3Sus. 58D. 
(= E. halocyon, Ag.) 7sus. SIW. 9 WK. 
10 to 12 Common, 
14 Tr. 
annectens A.S.W. |-|-|-|-]|-]-]-|]-|]-|-]-]-]-|-]|- | Chalk, Kent. 
ie pulchellus A.S.W.|-|-|-|-]-|-|-|-]-|-|-]-|-]|-]|- | Chalk Kent and Sus. 
if serratus? Hg. -| - - - -|-|-|- 11]12] - | - | 11Sal. 12 Sal. 
Halec eupterygius, Dizon -|-|-|]-|-]4]-]-]-]-]-]10|-]-|-]-]4#Do Sus. 10 WK. 
Homonotus dorsalis, Dizon |-|-|-|8])4)-]-|7]- -|-|-|-|-]3Sus. 4WK. 7Sus. 
3 rotundus, 
AS.W.|-|-|-|-]4]-]-1]-]-]-]-]-|-|-]-] 4 EE 
Hoplopteryx lewesiensis, }-|-|-|]-|4]-|-|7 9{10] -|-]-|-]4F, Do. 7Sus. 9 Sur. 
Mant. |. 10 WK. 
* simus, A.S.W.|-}-|-]-]4]-]-]-]-]- -|-]-]-|4EK, Sur. Sus. 
i superbus, Dizon | - | - | - -}-[-|7]-]- -|-|-|-] 7S8us. 
Hypsodon lewesiensis, see 
Pachyrhizodus Gardneri). 
» minor (see Ichthyo- 
dectes). 
Ichthyodectes elegans, Newt.) - |-|-|-|-|-|-|]-|]-|]-|-|-]-|-[7- LC. Dorking. 
9 minor, Egerton -|]-]-|-]-]-]-]- ~|-|-|-|- | Kent and Sussex. 
a tenuidens, 
WW. 1-}-)-)-|-]-}-]-]- |-]-|-|-|-|-| Ge. Kent. 
a sp. - - -|-/|-]-1-]-|-]|-]-]-]-]to}-]-]-]|- | 10 Sur. 
Leptotrachelus elongatus, |-)-|- | 3|4]- -|-|o]-|-|- [13] -]| 88us. 4 Bd, He, Cam. 
: Ag. WK. 9 WK. 13 Nor. 
Microdon nuchalis (see 
Aipichthys) 
»  occipitalis, 4g. -|-]|-|-]3})-]-|]-]-|-|-]-|-]-]-]-]3 Sus doubtful 
species). - 
Osmeroides crassus, (see 
Elopopsis.) 
levis, A.S.W. | - | - -[-/-]-l-[-]-]-[- - | - | LC. Kent, Sus. 
sy lewesiensis, Mant. |-]|-|-|-|-|-|-|-|-]|-]-|-|- 13] - | Ch. of Sussex. 13 Nor, 
ne granulatiis (see 
Halec eupterygius). 
Mantelli (see O. 
lewesiensis). 
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Low, Mid'le 
Chalk, ‘| Chalk. Upper Chalk. 
“a a g A 
g 5 Z g 7 2 g ale 
5/8 a ce a|8 pilesle 
gfE/e* 1815/24] 314] 8] elzlele LOOALTTTES 
BiSislgls S 3\sl5]s a= 7 
SPECIES. eles (|3| 8/28 (3/e| fale /sl2 AND REMARKS. 
4lelele|*|*) 2/8 aM MEE 
21S) als Qiais| s|i2| & 
n 216 Ss o| oO]; Sis 
alslslelelsislelsls(s(zis(ale 
B12] alse] S/Sl/sl SiS] sl/sisisls 
21S/E(2/218/212| 2/5/8122 81 8 
i=} 
2/6 /8/8 (S18 /8|8|8|s(8isisis is 
*{1/2}8] 4/5] 6] 7] 8] 9/10) 11/12) 13] 14 
PISCES—Cont. 
Teleostomi—Cont. 
Pachyrhizodus basalis, Dixon| - | - | -]-|-|-|-]-|]-]-|-]|-|-]-]|- | Steyning (Sussex). 
“5 Gardneri, Mason| -|-|-|]3)4])-]-]-|]-]-]10}-|-|]-|-] 3¥F,Sus.4WK. l0Sur. 
»  Dibleyi, A.S.W.|-|-|-]-]-])-|-|]-]-]-]}]-|]-]-]|-]|-] GC. Burham. 
+ subulidens, Owen | -|-|-})-]-]-|-|]-]|-]-|-]-]-]-]|- | £0. Kent, Sus. 
” genes (see 
Mosasaurus). 
Plataz nuchalis (see ay 
hys 
Flethodus expansus, Dizon- | *|-|-|3]-}-]-]-]-|-|]-|]-]-]-|- | 38us. 
$3 oblongus, Dizon |} -|-|-|3]4]-]-]-}-]-]-|-|-|-]|-]| 3 Sus. 4 WK. 
pentagon, 4.S.W. -{-|-|J-]-]-]-]-]-]-]-|]-]-]-]-] LC. Kent, Sur, Sus. 
Plinthophorus’ robustus,}/-|-|-]}-|-]-|-|]-]-]-]-|-]-]-]|-] Ch. of Sussex. 
Giinther. , 
Pomognathus euptery; ‘Be 
(see Halec), 
Portheus Daviesi, Newton -|-]-]-|-|-|-|-]-]-|-]-|-]-]-|- | LC- Kent). 
»  gaultinus, Newton |-|-}|-]-]-]-]-]-]-|]-]-|]-]-]-]-]| £C. Bent). 
a Mantelli, Newton-|}-|-|-|38]-]-]-|]-]-]-]-]-]-]-]-]3Sus. _. 
Prionolepis angustus, Fg. -|-|-|}-|-}4]-]-|-}-|]-]10]-]-]-]- wee Sus. Cam. 10 
or. 
Protelops anglicus, 4.8.W.|-|-|-];-|-|]-|-]-]-]-|}-|-|]-]-|]- Glynde (Sussex). 
Protosphyrena ferox, Leidy |-|1]-|3]4]5/)6 |7]| 8] 9 |10|11/12/13) - | 1Cam. 3F,Sus. 4 Ha, 
Bk, He. 5Cam. 6 
Ha,Cam. 7Ha. 8 
Es. 9WK. 10 WK, 
Es. 11 Mar. 12 Ha, 
Sal. 13 Nor. 
a compressiros- 
tris, A.S.W. | -| - | - -|- ~|-|-]-]-]-]-]|-] Chalk, Kent. 
minor, Ag. -|-|-|-{-|-|- -j-]-]-|]- -|-|8.E. of England. 
Sardinioides illustrans, 2 
We}-}-}-]-|-|-]-|-|]-]-]-]-|-]-]|- | loc. unknown. 
Saurodon intermedius, - 
Newton |-|-|-]-}-|-|-]-|-}-]-]-|]-]-]-]| £6. Do. 
i lewesiensig (see 
Cimolichthys). 
Saurocephalus (see Proto- 
sphyrena). ; 
Stenostoma naar oe -{-]-]-[-]-]-|-|]-]-|]-]-]-]|- | - | Steyning (Sussex). 
Stratodus anglicus (see Pro- 
telops). 
Syllemus anglicus, Dizon |-|-|-|3}-}-}-}-]-]-}-[-]-]r]- 3 Sus. LC. Kent, Sur. 
Terapeeree ates a, 
3 ‘otosphyrzena). 
Tria cpareraiee ne AS. -|-|-]-/]-]-|-1-]-|-]-|-|-]-|- | LC. Gent), Sus. 
By 
ig megalops, | P| Were pee (ened sen (en bi | ~|-|-|-|- | LC. ewes). 
Tomognathus mordax, -|-|-|-|]3)/4/-|[-]-]- -|- |18] -| 3Sus. 4 WK, He, Ha. 
Dizon 13 Nor. 
is * leiodus (see T. 
: Peg 
Trachichthyoides ornatus, 
FE Lew a= |alolel=l=latalele) obe)els| aE 
Urenchelysanglicus,4.S8.W. |-|-}-|-|]-J-|]7)}-|]-d-]-]-]- 7d 7 Sus 
. . Ga2 
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Lower Mid'le! 
Chalk.  |Chalk,| | Upper Chalk. 
s a i) 
qa Sad he [ees g ‘ 
2lsj8l/s) 15 E Bl lale 
-|S/3/5 ma 1 ao) Sle/ 4 
alg| Sie S| 15/8] 3/8/38] ./2] 4/4 
S$) 2/2) 5/8/2/13] 2/318 slaiel a LOCALITIES 
SELES Ela g/<|3|8l4lz 3(2/8/2 3 g 4 AND REMARKS. 
ala elelalalblelalslslelelale 
A} of/Sl8isle|s 2 #/1a/5 
AMA ceGourEninnng 
2/8] a /S/S]3]5)s]S/ 81S] Ss] S| sls 
B1S|e|a/e)8lais)alsl/a)/alelaia 
o 
#18/8|6/8/S(S/8/Sis/S[S/8/8/8 
*{1{2)38] 4/616 ]7] 8] 9 | 10) 11) 12) 13) 14 
CEPHALOPODA. 
Ammonidea. 
Ammonites.— . 
{Acanthoceras] bisaar tet -|-|]-)-]-]-]|]-|]7]-)-]-]-]-]-]|-| 78us. 
rd. 
. cenomanensis, | - | -|2]3]4]-|-|-]-|]-|]-|-]-]-]|-|2Ch. 3F. NW. 4Iw, 
d' Arch, Ba, He, Cam, Suf, 
Nor. 
Pa iia! et -|-]2]8])41-[6@]-]-|-]-]-|r]-]- eg * nip, ihe 
, Ha, 
a daverlanayy. Po ie (aa 3]-|-1-7-]-]-]-}-}-[-1-]3 chalk) aoe ‘(Grey 
rd. 
e hippocasta- -{-J2)-]-]-]-]-]-|]-|-]-]-]-]- | 2 Dor, Ch, Dev. 
num, Sow. 
a” » var.com-|-|-]2]-|-]-]-|-]-|-|-]-]-]-]|-] 2 Dev. 
pressa, J-Br. % 
én ical -{1}2}/3}4]-]-]-]-]-]-]-]-{!-]-]2 Dee 2Dev. 8IW. 
pe 
n Mantelli, Sow. | *|1/2/3]4]-J6?7}-]-]-|]-]-]|-1-]- oe eran 2, 3. 
4 navicularis, */i] al si4]-l6]-]-]-]-]-]-]-]|-| Common in 1, 2, 3. 
Mant. a ae 6 Ha, Dor. 
‘ Rewneldt; Pa hal be 2/-|-]-]-]-}-|]-]-]-]-]-]|-] 2 Dor, Ch. 
ossmat. 
e nodosoides, -{-|-]-]-}]-l6]-]-]-]-]-|-]-]-] & Do, Sus, Nor, He. 
Schliter 
# pentagon, -|}-]2]-1}-]-|-]-]-]-)]-]-]-]-]-] 2 Dev. 
“Dr. J 
‘i nosomngeile -{1]/2})3]4]-]-]-|-]-|-]-]-|-]- Ae an Po 
oe ao common. : 
rusticus,Sow. |-|-|-]|]-|]-|-|]6]-]J-|]-|-]-]-|-]- ev, 
- sussexievsis, |-)-|-|3\4/-|6)-|-|-|-|-]-|-|—| 38usSD. 48us. 6a. 
Mant. 
al aia 
see planulatus 
i oetoaalerts ~{-]2}3}-]-]-|-|-}]-]-]-[-|-]-]2ch. 3Iw. 
arpe. 
» Planulatus,Sow. | *}112/3)4)-1]-]-]-]-|-]-]-]-[- pet iy 
or. 
»  pseudo-gardeni? | -]-|]-|-|-]-|]-|-]-|-|]-]#])-]-]-] 11 Yo. 
Schliiter 
[Douvilléiceras]- euom-|-|-]2]-}-]-|]-|-|-|-]-]-]-|-]|- | 2 Dor, Dev. 
phalus, Sharpe 
[Haploceras] caalaer’ -|-f2]3]41-}-|]-]-|-{!-]-]-|]-]-|2 Coe Nor. 
ha 
4 catinus, Mant. |-|-|-|-|4]-]6])-]-|-]-]-]|-]18} - | 4Sus. 6Do. 13 Nor. 
a ppebs on. ~-{-/-|]3]-]-]-]-]-]-|]- {-]- ae - som 
cus, -f-]-}-]-]-]-|-]-d-]-J-]-[- - 
mn eetbntine |={{2 {=| =|2{2]}2]2| 2 |1o]m|iel -| =| 10 WE, Do. 8p, Re, 
. siete arpe| — 11 Mar, Sal. 12'Sus. 
is legrealenels, ine -{-|]3]/4/5/6]-|]-J]-]-]-|-]J-]- 29. 48us, Nor. 6 BK. 
ant. - 5 
undatus, Sow. |-|-}-]-}-]-]-|]-]-]-]-|-]-|-]-] Upper Chalk, Sussex 
vectensis, Sharpe} -|1]2]-|-|-]-|-|]-]-]-|-]-]-]-]112W- 2 Dor. 
[Hoplites} Bunburyanus, -/-/]27-]-]-]-]-]-/|-]-}-]-]-]-]2@. e 
arpe 
si curvatus, Mant. |*|]1/2/3}/-]-|]-|-]-]-]-]-]-]-q- ete MB, ee 2 Dev, 
» _ taleatus, Mant. |» ]1}2}3}-|-]-|-]-]-]-]-]-]-]- 1 IW, MB NW. OF. 
eV, 
Dor.’ 
feraudianus ?, -]-]-]38]-f-}-]- 1-|-]-]-]-]-]- | 31W. @equires con- 
ao. firmation). 


GENERAL LIST OF FOSSILS, 469 
Lower Mid’le 
Chalk. Chalk. Upper Chalk. 
‘3 5 3]. 
dq] te a a 8 g 
als]: ml, iB sla 
slElS/EIE £12) | 8l2 g|4\ 4 
d| | I} ali als) e/a Loc 
sprcres. |a{2|4( sls] 2/2/3/ 2/2) 4/218 /8/a] cu 
BIS Si s/slS|a/213/8/5|8|/s)s/4] Avp Remancs. 
2ia/ B/S "|=1s18)S12) 2&1 2) S14] 8 
ala} es|2isisie| sie 8 2/g/8}s $ 
slelSiS/Sl</Bl& |S] e/a al <1a15 
s/S/a/S/S13[3/3]3/s/5/s]sls/s 
B/S) ei e/8\ 2/2/21 812) 2/2/2182 
i) par: 
BIS/AlSIS/S(S/S[Sis[S[s[slsls 
*11)2138] 4/5/]6] 7] 8] 9|10) 11/12) 13) 14 
CEPHALOPODA.—Cont. 
Ammonidea.—Cont. 
Ammonites—Cont. 
(Hoplites] ramsayanus, Shpe | - -|-j-]-]-]-/-[]-|-|]-|-]-|]-]410ch. 
7 renauxianus,Shpe |-|-|-|3|-]}-|-]-]-]-|-]-]-|]-]-]31w. 
(non d'Orb). 
n Salteri, Sharpe -|*|-]|2]-|-|-]-]-|]-|]-]-|]-]-]-]-] 2h. 
Saxbyi, Sharpe - -|1])-]3]-]-]-]-|]-]-]-]-]-]-]-] 11w. 3Iw. 
(Ly toceras} Jukesi, Sharpe |-|-|-|-|]-|-|-|-]-|-|-|- [12/18] - | 12 Ha. 13 Sal, Nor. 
rr leptonema, |-|-]?]3]/-]-]-]-|-]-]-]-|]-|]-|]-|?2Dev. 3Iw. 
Sharpe 
[Pachydiscus] Oldhami, Shpe 
om peramplus, -|-]-]- -]}6]7|8)-]-|-]|-]-]|- | 6Common. 7 Do, Ha, 
Mant. Sus. 8 Common. 
i -prosperianus 
(see peramplus). 
8 Portlocki, Shpe |-|-|-|-|-|-|]-|-|7- -]|-]12] -] - | 12Sal. 
Weisti, Sharpe ~}-]2/-]-]-]-]-|]8]-]-]-]-]-]-]2ch. 8 
[Phylloceras] ba eg We de}? |-]-]3]-]- -{-|]-]- - {13} -|3IW. 13 Nor. 
o vellede, Bhage 
non Mich. (see 
Pergensi). 
(Pl : 
(see Largil- 
liertianus). 
a largilliertianus |-|1|2)/3]-]-}-|-|-|-]-]-]|-]-]-|] 11W) MB. 2Dev. 
@ Orb. Sus. 
obtectus, Shpe.} -|-]2]-|-|-]-]-]-|-]-]-]-]-|-| 2 Dev, Ch. 
[Prionocyclus] bravaisianus, 
Sharpe non d' Orb. 
(see Neptuni). 
» Neptuni,Gein -}-|-}]-]-]-}-]6]7]/8]-]-]-]-]- ]- 6 Dev. 7 Ha.8 NW, Be, 
Bk, Bd, He. 
[Prionotropis|Woolgari,Mant -|-]|-]-J- 6/7/8/-]-}-]-]-]- 6?IW. 7 Sus. 8NW 
{Schoenbachia] Coupei, *71/2)3)4 -|-|]-|-]-]-|-]-]- | Common in 1, 2, 3. 
Br 4 Cam. 
»  goupilianus,d’ ii -|-]-1]3]-]-]-|]-]-|-|]-]-]-]-]-] 3 Sus. 
Renevieri, Sharpe}-|{-|2)3)-|-}-}-f-|-]-|r]r}c7d7 31 W. & Wilts. 
» varians, Sow. -|/*|1)2/3/4)-]-|]-]-|]-]-]|-]-]-]- Semon inl, 2,3, 4 
ana. 
Ammonites W iltonensis found 
to be part of Scaphites 
Geinitzi. 
Anisoceras alternatus, Mant. *|1]-|}3]-|]-]-]-]-]-]-]7]-]-]7- 1IW. 3 Sus. 
9 angustus, Sow. -{-|1]/-|]-|-|]-]-|7]-]-]-}-q-dc-d7- 1IW. 7 sus. 
me armatus, Sow. -|*/-]213]-1}-]-]-|]-}-]-|]-]-]-]7- 2Ch. 3 Common. 
FA pseudelegans, P.}-|1]-|-|-|-}-]-]-|-]-]-|-|]-]-] 22% 
wi A 
an sp. -lif-]-]-]-]-]-|]-]-]-|-]-|]-|]-]1 51. 
Baculites baculoides, Mant.|*|1]2/3/4/-|-]-|-]-]-|-]-]-]-|25& W,W. 2 Dor, 
Ch. 3passim. 4, 
Sus, Bk. 
»  bohemicus,Fritsch.| -]-}-]|-|-|-]6]-|8}-]-]-]-7Ia]z 6 Ha. 8 Common. 
e Faujasi, Sow. -l-|-f-]-|]-t-|]-|-]-]-]-|-|- [18]14| 18Nor, 14Tr. 
és sp. . - wpaledead cel gle|=|afelel > fe |=] = | baor 
Crioceras ellipticum, Mant. |-|-|-|3]-|]-}-]-|]8!-|]-|-|7- 13] - ae ae 8 Common. 
or 
Hamites simplex, dOrb. -|]-|}1)2}-|-]-]-|-]-]Jr-]o]c] 7 }c]7 1E, 2 Dor. Dey. 
a plicatilis, Mant. -|-];-]-/]3}-]-]-|-|]-]-|-]-]-|-]- ]S8us. 
” a -|-1-]-]-|]-]-]-}-]-]-]-]™]-[-]- | 21% 
» «8p. 2 -|-]-]-]-}-|]-|]-/]-|[8]-]-|]-]-|-]|-]| 8 Be 0x. 
Heteroce. a8 polyplocum?, ~}-|-]-1-}-]-]-]-]-]-]-|- [13] - | 18 Nor. 
Remer, 
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THE CRETACEOUS 


SPECIES. 


CEPHALOPODA—Cont. 
Ammonidea—Cont. 


Heteroceras reussianum, 
a 


” 


Orb. 
sp. 


; sp. 
Ptychoceras Smithi, Woods 


Scaphites equalis, Sow. - 


” 


» Var. obliquus, 
Sow 


binodosus,? Rem. 
Geinitzi, d'Orb. - 
luflatus, Defr.  - 
ap, (? Geinitzi) - 


Turrilites Bechel, Sharpe - 


” 


Bergeri, Brongn. 


var. 
bifrons?, d'Orb. - 
costatus, Lam. - 


gravesianus, d'Orb. 


Mantelli, Sharpe- 
Morrisi, Sharpe - 


? puzosianus, d’Orb 

Scheuchzeriaous, 
Bose. 

tuberculatus, Bosc. 


Wiesti, Sharpe - 


Aptychus gollevillensie, - 
pty g Sha 


anpe 
{cenicus, Sharpe - 
leptophyllus, 
Sharpe 
peramplus, Sharpe 
Portlocki, Sharpe- 
rugosus, Sharpe - 
sp. - 8 8 
Bp. see 


Belemnoidea. 


Actinocamax Boe. 
0 


Wa 

granulatus, - 

Blainv. 

Merceyt (see 

granulatus 
plenus, Blain». 
quadratus, De/r. 


Toucasi, Janet - 
verus, Miller - 


westfalicus,Schit. 


| * Found in Selbornian. 


ROCKS OF BRITAIN. 
Lower da’ 

Chalk. Chall Upper Chalk. 

a) 1a iia 

el l#lal |. aig 
elglel2] |Slal lz] |e|4 
5) / "| 2| 521418) 2) alle) 2 
3 |2/s/8|/38 e 2 rs 
8) 2) 2] 3] 2/5/2/8/2|214/2| 82 
gee a elelelelslelelc( ale 
Sl oldls Sisisilalsela]s5 
ols |s(Si</al& (a) 5/5/2/</8/s 
#lgla/3/3/3/8/3 [2/21 5/5/35 /2 
Sele S22 alsiajaleiale 
o 
B(alé/slSlSislslalsisisisis 
1] 2/8) 4/6)6]7]8 7) 9110)11] 12] 13] 14 
a fa|o fede] alc [8 pe) = pale pe be 
ai] SF] -ails Le bes pe ete SoS Les 
ey eel ee Pe ee a= prey lhe bee 
al=he|<)el<)—18 l= leslie le tel]< 
1j2}3}4}5}-|-|-|-}-|-|]-|-]- 
-}2}3}-|-]-1-|-]-]-|-|-]-]- 
os pels pelea] -Led= |< [ep =] 
= pabedads|=e|F| 8) —f«le]—] +14 
ape eels ho Ref =e Pais Hite = te 
a ee teen ee ek fen eee es ee ee ee 
abe) |=) eps lo ]=pe[- peepee 
1j2{}s|-]- - -|-}-|-|-]- 
~|-|3]-|]-[-[-]-]-]-]-f-]-[- 
-|2|/3|4 -|-|-|-]-]-|-[-]- 
1J2]3\-|-|-|-|-|]-|-|-]-|-]- 
of er) elle le Ps pape fad = pede be 
aj2}3\-1-|-|-|-|-|-]-]-|-|- 
Oe eg ee en eee ne oe eee ee ee ed ee ee 
-Jels|4]-|-{- ee eS eee 
1j2}sl4a}-|-|-]-1-]-]-]-|-]|- 
1j2la}]-|-|-]-|-|]-]-|-]|-]-|- 
-~-}-]-]-J-]-]-[-[-]-]-]-]18|] - 
-~/-f;-}-}-]-]-]-|]-]-j]-]- 138] - 
~f-jJ-|-/]-]-]|]-[]-]-]- [11/12/13] - 
oe ee Oe ee ee ee 
-~]-|;-j-|;-]-;-]-[-]-[]-]-]181- 
-[-J-]-]-[-j}]-|]-|T-]-]-]- [18] - 
—-Je-f—-t,=-Jej-|= -j}j-|-]-])13) - 
-Jelsje|-|]-|-]-]-|]-|-]-]-- 
-/|-j-|-[-j-]|-{]-]7]-]-[1j]12]-—- 
eee le NWS bee acd eo el aw Pe 
afofals peafote|=)<].—]~ [12] =e 
eee | fie fe [pe eo be] 1128) = Le 
-}-}-]-J-]-]-]-] - |l0;1}i27 -]- 
we eee eee dedisalie [ioe jis 


LOCALITIES 
AND REMARKS. 


8 Be, Bk, Bd, He. 
2 Dor. 

8 Be, Bd, He. 

8 Be, He. 


1F, E, IW, MB. 2 


Dor, Ch, Dev. 3 
Common. 4 Cam. 
2Dor. 3 IW, Sus. 
12 Yo. 
7Cam. 8 Common. 
12 Yo. 
6 Ha. 9 Bk. 


2 Dev. 

LE, IW. MB, NW. 2 
Dor, Ch. 3 IW, Be. 

3 IW. 


2 Dor, Ch. 3 passim. 


4 Cam, Nor. 

1IW. 2Dev. 3 Sus, 
Bk. 

3 Sus, IW, Bk, Bd, He. 

15, A NW. 
2Ch. 3IW. 

1IW. 

2 Dev. 3 passim. 4 
Bd, He, Cam. 


1 IW, Sus. MB. NW, 2 
Dor, Ch. Dev. 3Com- 
mon. 4 Cam, Nor. 

11 W. MB. 2Dor, Ch. 


3 Sus, LW. 

13 Nor. 

18 Nor. 

11 Mar, Sus. 13 Sal, 
Ha, Sus, Mar. 


12Sal, Ha. 13 Nor. 
13 Nor, IW, Sal. 

13 WK. 

13 IW. 


2Dev.3F. 4Bd,He, 
Cam (Tott. St.). 

11_ Common, 12 
Passim. 


4 Ha, Bd, Nor, Suf. 
5 Common. 

12 SD. IW, Ha, Sal. 

12 Sal. 

10 Sal, Ha, 11 Com- 


mon. 12 Yo. 
Wk, 
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os awe 


Lower Mid'le| 
Chalk, —|Chalk. Upper Chalk, 
#| |g dla 
g|. ung Bid 
o1./4/3 co alg ae 
Cees ‘a a 
al/l®)#/21 /e/4i./8l3| 213] 4 
3|2 a! 12/8/52] 8 S/H as 2 os LOCALITIES 
euhmamorckcls Elela (4/2) 2/4|8| 818] 2/4/3| 812] avo puwancs 
Fama B/2/1S/8/ 4818/8) S12] 215 . 
3 ¢ g ss e = 3 8 31 ali ) iS 
n o(SIislslels £/alela)s 
alalsleia(2l8lalale/slal2/s/3 
BB) all Slslsislslsislelsjsjs 
21S|2la/s}s/eia|e|sigiaigiel2 
c-) 
£15 /A/6/S/S(8|8i8ls(S/8/s/S}S 
*|]1)2]3]4)5] 6] 7] 8] 910/11] 12) 13] 14 
CEPHALOPODA—Cont. 
Belemnoidea—cont. 
‘Belemnites ultimus, d’Orb.- | *|1}-|3]4|-]-]-]-|-|-|]-|-]-]- 1E, MB. 8 Nor, IW. 
4 Nor, 
Belemnitella Pon daa -|}-J-}-]-]-]-]-]-] - }10]11]12]18] 14 10 ye UE Bone 12 
ichloth. al, a. Suf. 
13 IW, SD, Nor. 
1 A 
” oe -}-l-]-]-]-}-]-]-]-]-]-]-]18]14] 18 passim. 14 Tr. 
a ef. a a -}-]-}]-]-|]-]-]-]-]9]-|]-]-|]-|]-]| 9Nor. 
a sp. (? new) -}-}-]-J-]-]-]-]-]-]-]-]-]-]14] 14¢7r. 
Nautiloidea. | 
Nautilus atlas, Whit. - -|-/1]/-|]3/4]-]-|]-]-/-]-]-]-]J-|[- ee ee ae aus Do. 
»  archiacianus,d'Orb. : , : 
(see expansus. 
r Bayfeldi, #. dt -|-]-]-]-]-]-]-]-]-]-]-|- ]18]14] 18 Nor. 14 Tr. 
a bark tal *)1/2)3)4]};-]-]-}-]-]-]-]-]J-]-]2 caer 2 Dor, 
jianus,d@’Orb. - ev. 3 commen, 
, 4 Cam, Suf. 
» ef, darupensisSchlit.)~}|-|-|-]-|-|-|-]-|-]-]-]12]-]-] 12 Yo. 
elegans, Sow. -|*/1/-/38/4]-|[-|-]-|]-]-]-]-]-]-]1F, “MB. 8 and 4 
common. 
»  expansus,Sow. -/?|1)21/31/4/5/-1|-]-]-|-]-]-]-]- uw pe ie 
5 ue, 0, 
- Wilts. 5E. | 
»  Fittoni, Sharpe -]|*|1]/2]/-/-|]-]-|-|-|-|]-]-]-]-]J- ae ee, NW. 2 Dor, 
»  fleuriausianus,d’Orb} ?)-|2/3}-]-]-|-|-|]-]-]-|-|-]-] 2c, ott 3 Sus. 
eg largilliertianus, */1/)2;3}-)}-1-)]-]-]-|-]-|]-]-]- 1¥, Iw, MB. 2 Dor, 
@Or ah Dev. 8 Sus. 
3 semiundatus? Foord| ~f1j-|-|]- pare (eo eas mae eee) em Vem ree (ee 
»  sublevigatusd’Ord.| *]1]/2)}3}-|-|6]-18)-j-|]-|]-]-]|- 1, 1W, MB . or 
Seommon. fi 
subradiatus ?,d’Orb.} -| -| 2}/-|-]-|-|]-]-]-]-]-]-]-]-] 2 Dev. 
”  triangularis, Mont | -|-]2|3/-]-|-|-|-]-]-]-|-]-]-]|2Dev. 3F (BM). 
n undatus, Sow. -f-]-}-}-]-]-]-]-]-]-|-]-]-]-]-] Upper Chalk. 
» undulatus, Sow. -]) *}-]2}/-]-};-{-]-|]-]-}-]-]-|]-]-]| 2¢Ch. 
oo B8per = = -f-}RJ-] 38} -]-J-}-]-]-]-]-]-]-]- if, SF. 
= »  Sp.(reflectus,Seeley|-|-|}-|-|4])-]-|-]-]-]-}-]-]-]|- | 4Cam. 
Rhynchoteuthis - - -|-|-]-]-|-|-|-]-]-]|-|-|-|]12]13]-|129al. 131w. 
GASTEROPODA. 
Acmea tenuicosta, dOrb.-|*}-|-|8]/-|-1]-|-|-|-]-]-|]-]-|-]3F. 
» BPe = = efe}-J-]-}-]-]-]-]-]-]-]-]-]-]- — 
Actwon (near toaffinis Sow.) |-|-|-|3]-|-|-|-|-]-]-]c}co dc ]- . 
elongatus. Sow. -|-|1]/-|]-|-]-]-]-]-]-]-|-]-l-[- pea eee ‘ 
Avellana cassis,d’Orb. = -|-{1/2/3/4]-|-|]-|-|-]-]-]|-]-]-]2 PA ae ; ae 
He: Ox, Bk.’ 4 He, 
Be St.), ‘ 
ier) -|-}-|-|-|-]-j]-]8 -|-]- 413] - ummMon 18 
»  Humboldti?, Miller * Nor $ 
Prevosti, d’'Arch.-|-|-|2}-|]-[-]-]-]-]-]-]-]-]}-q- ev. 
Aporrhais (cf. f,cingalats “f-[=[2]-]-P-d-[opopop ododays yp Gaidactyiun- 
carinata } Sow -|*]-t-|38]-]-1-1-]-[--1-1-]-1-] (Anchura). 8 Bk, 
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Lower Mid’] 
Chait,  \hane| Upper Chalk. 
es a 4 A . 
Bl lala] le lg 
BISE]& o|. ale al 
a/s/%)£/2/ 15/2] /S1B! (lal 
g gi. (Sl glds|a|s8]s a. 6/8 LOCALITIES 
Sls a/°|8 3 3/28 
oe NOL Ee. Elz q a 2 5/4/38 2/3 2 2 $13/5| awp Kemarus. 
Slelals|*|") 2/8) S12] °) 2) 518] 3 
Blslelelsleizizi4|slgigle|ais 
slelé|e(H(<(=(&(s| sls/2/<|2/é 
Z/Bl a(S (Sl SlS[s/sl[Slsi sj sisls 
21S/2/2/2/8/8/2/8/=18/ 812/28] 2 
2)a/2 i 
SI GIS SRIRIMIRIRIIRIG 
“J1{[2|]8]415) 6/7) 81] 9 | 10] 11] 12] 13/14 
GASTEROPODA—Cont. 
Aporrhais doratochila, Gard.| *|-|-|3])- |-|-|~-|-]-]|-]-]-]|- | - | @imorphosoma) 3 F. 
ee mailleana?,d@’Orb.| -|-}2]-!- |-|-!-}-|-|-|-|-|-]-| 2 Dev. 
- Mantelli, Gard.-}-]1]-|3|]- }6]6|/-]8]-]|]-|-|-|-]-]1MB.3F,Sus. 5 Chil- 
ton. 6IW. 8 Do, 
Ha, Be, Bd. 
os oligochila,Gard.- | *|-]-|3])-|-]-|-j-|]- ]-y-]7-]-]- Cie rolae)- 3F 
» opeatochila,Gard.|-}-|]-]8]- |-]-|-|]-|-|-]-]|-|-] - | (Helicaulax). 3 F. 
” pachysoma,Gard.|-|-|-|38]- |-|-]-|-|]-|-|]-]-|-]— | (Zessarolax). 3 F. 
spathochila,Gard. |-|-|-|8|- |-|-|-]-)-1-|]-]|-]- | - | @imorphosoma). 3 F. 
rr stenoptera (? = |-|-|-]-]- |-|-|]-]-|]-]-|[-]- [13] - | 188D, Sal.? 
Mantelli). - 
* subtuberculata;|-|-]-|3]- |-]-|]-|-|-]-]-]-]-]|-]| 3De, Ba. 
Gard. 
es sp. - : -|-]}-]-|]-]4]-]-]-]-]-]-]-|]-]-]-]| 4Cam. 
i a -}-]-]-]-d- ]-]- 8]/-]-|-|-]|-]-]| 7Do. 8Do, Be. 
Cassidaria incerta,Sow. -|-]|]-}-]-|- |-|-]-]-|-]-|-]-|-]|7- | Chalk of Sussex (not 
Pterocera incerta , 
@’Orb.) 
Cerithium supehome tose, -|-jJ-|-]-J]-|]-]-|]8]-]-]-|]-]-]|-] 8 Be Ba. 
oods. 
is lallierianum ?, -j-|2/3}-]-]-|-1l-|-|]-|-|-]-]|-| 2Dev. 3F. 
ad Orb. 
ie Ornableaimints *]_1-}38]4]/-]-]-]-|-|-]-|-]-]-| 3 Cam, Be, He. 
rb. 8 
of Saundersi,Woods.|-|-|-|]-}- |-|]-|-|8]|-]- -|-|- | 8 Do, Be, He. 
a trimonile?@’Orb.|*}|-|-|]3)- |-]-|-]-|]-]-|-[-]-|]-|3F 
1” unicarinatum, 
(see Nerinea). 
" sp. - -|1j)-]- -|-|-|-|- -|-|-]-]| 11W, MB. 
8p. - - -|- ;-j]-l-l-|-]J-]- - (14| 14 Tr. 
Cinulia (see Avellana), 

Cirrus striatus, S. Woodw. | - | - | - - |-{-}-]-]- [10] -|-|- | - | 10 Nor. 
Columbellina (cf. maxima, |-|1]2|-|}- |-|-]-|-]-|-|]-]-]-|-|1MB, Iw. 2 wD, 
de Lor.) Dey. 

a Bp. = -t-Jal-|-]-}-]-]-]-]-]-]-]-]-]-]|1 MB 
Crepidula sp. - - -f-l1]-]-]-]-]-]-]-]-]-[-]-|]-]-] 2 De 
‘i sp. - : -f-]-]-|]-]-]-]-]-]38]-[-]-]-]-]-]8 Be 
Dentalium majus,Gard. -|-|-|-|3]-]-|-|-|-]-]-|]-]-|-]-] 35, Cam. 
i medium? Sow. -]-]}]-|-|38[/- |-]-}-]-|-]-|]-]-]-]- / 
4 planicostatum, -|}-J/-]-|-]-]-]-]-]-]-]-]- [13/14] 18 Sal, IW, Do, Nor. 
Heb. 14 tr. ? 
»  Yrotomageuse,@’Orb.)-|1)2}-]-|-}-|-]-}-]-]-]-]-]- 1MB. 2Ch, 
” turoniense,Woods.|-|-|-|-|- |-]-|-|3]-|]-]|-|-]|-]|-]| 8 Be, Bd, Ha, Ox, Do. 
sp. (striated) -}-[1{/2]-|]4]-]-|-]-]-]-]-]-]-]-|1E. 2Ch,Dor. 4 Bd. 
Dolium nods, Sow. -|-|-|-]3]-]-]-]-]-]-1-]-]-]-]|- | @Pterocera). 13 Sus. 
-|-]-]-]-]-]-]-]-]-]-]-] - [18] - | 13 Nor. 
Rinarginula afinis, Sow (see 
E.  Sanctax- 
Catharine. 
: 3 Gresslyi, PC.}*{1}2]}/3]-]-|-]-]-{]-]-]-]-]-]- +e MB. 2 Dor. 3F 
i Meyeri, Gard. -}2]/-[-]-]-]-]-]-]-]-]-|]-]-]| 2 Dev. 
% pelagica,Passy |-|-|2/-|-|]-]-]-]J-l]-|]-|]-|]-]-]-] 2h. 
is Sancte-Catha-|-|1)/2}/38]-]-|]-|/-|]8{-]-]-]-]-|]-|]1 W. 2. SD. 3 Sus. 
rine, Passy. 8 Be, Bd. 
ii unicostata, Seeley] -|-}-{-}]- |-|]-]-]-|]-]J-]- 18] - | 18 Nor, 
” pes 2 -f-]-]-1}-]-]-}]-]-]e}l-1l-]-]-]-]-] 8 Be 
Funis crebricostatus, Gard. | - | - -|- -|-]-|-]-]- - | - | Upper Chalk, 
Fusus bilineatus, P. and C. 
(see Murex). 
» BD + : - - 1J-}]-]-]-]-f-]-]-[-]-]-]-]-]1De. 
» SP. e -|-]-]2]-]-]-}-]-1]-]-]-]-]-]- |] - | 2 Dev, ch 
» «8D. . -l-f-[-]8]-[-]-l-l-1-] -l-]-]-[-]388 
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SPECIES. 


* Found in Selbornian. 
| ™ Chloritic Mar] (Stauronema) 


Lower 
Chalk. 


Mid'le! 
Chalk. 


Upper Chalk. 


GASTEROPODA- Cont. 
Hirponyx Dixoni, Desh. - 
sp. - * 
Lampusia sp. = 


Murex bilineatus ? P. & C. - 
Natica Genti, Sow. : * 


» Vulgaris, Reuss. - 


” sp. - = 
” sp. (large)- ‘< = 
Neringa unicarinata, 
Woodw. 
” Bp. - wi - * 
Phasianella. sp. - 
Phorus canaliculatus, a Orb. 
BlcsigotOnia i cape! 
a Peer 
rb. 
pore (see Pl. 
perspectiva. ) 
Guerangeri, @’Orb. 


n” 
5 mailleana, d’Orbd. 
matheroniana, 
y Orb. 
moreausiana, 
a'Orb. 


perspectiva, on ‘ant. 


sp. 1 (flat) - : 
sp.2(tall)- - 


sp. (cf. a Romeon’ 


” 
” Tat: e). 
Pterodonta cre sp. ) 
‘Pterocera inflata, wOr. - 
Rostellaria Pricei, Woodw. - 
Scalaria dupiniana ?, d'Orb. 
fasciata, Eth. (var. 
of decorata, Roem., 


compacta, Sow. - 
Solariella gemmata, Sow. - 


” 


Solarium bicarinatum, Tiess. 
‘a catenatum, Sow. - 


dentatum ?, d’Orb. 
granulatum, Mant. 
martinianum, d’Orb. 
ornatum, Suw. —- 


” 
” 
” 


etl * 


SP oe BR 


ian 


| rs Devon Cenomanian, &c. 
| eo Chalk Zone of Am. varians. 


wm wwl 


| Zone of Hol, subglobosus. 


ae 


rte 


ea Zone of Act. plenus, 


@ Zone of Rhynch. Cuvieri. 
~1 Zone of Terebratulina. 


o Zone of Hol. planus. 


eo Z, of Mic. cortestudinarium. 
5 Zone of Mic. coranguinum. 


= Zone of Marsupites. 


te Zone of Act. quadratus. 


5 Zone of Bel. Mucronata. 


‘= Zone of Ostrea lunata. 


LocaLitizs 
AYD REM4RKS, 


ae ee ine | 


9 WK. 


K. 
10 Ek. Sal. 11 Mar. 
12 Sal. 13 Sal. 
8 Be. 


1K. Ty, MR. 2 Ch, Dor 
11W. MB. 2Ch, Dev, 


ND. 

2 Dor. 3 Ox, Bk. 7 
Ha. 8 Do, Ha, Be, 
Cam, Es. 

3 F, Sus. 

2 Dev. 


13 Nor. 

2 Ch, Dey. 

1 De. 

3 Hamsey. 

2 Dor, Ch, Dev. 


1 aie MB, F, De. 
3 IW, NW. 4 Cam. 


1 Cam. 10 
Ww 


(seriato - granulata 
Goldf.) 3 Lewes. 

1IW. 2 Dev. 

1 De, MB. 


1 Iw. 


1IW. MB. 2SD. 3 
passim. 4,6Do. 7 
and 8 common. 9 


11 


3 Cam. 

Chalk, Sussex. 

3 Sus, Dev. 7 Do, 
passim. 9 Do, 

IW, 

@ Pleurotomaria) 2 
Dor. 3 Sus 

1 MB, Iw. re Cam. 

1E. '3 Sus. 

1 De. 

1K, MB,IW. 2 Dev, 
Dor. 


8 
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THE CRETACEOUS ROCKS OF BRITAIN, 
Lower Mid’le| 
Chalk, —|Chalk. Upper Chalk. 
C) a 3]. 
=I alg ¢ | g 
eis{ie 2 o BIg ald 
Jal B)21 8121 /ele] [8] sl [8] 4/4 
3 a} .|i2|3 B= 3 a 3 
SPECIES. e|/2/8/2/ 2) [3] glzleissi sla casera 
6/2ig a/2/S|@/3/8/s/B/5!a/—4] AND REMARKS. 
2lealals! 2) ala] e)2e!°) 3) F718] es 
,  fe/Slelelsle/Zi2l4|slsla/ele/4 
Blel8|S|A/<|lai al s/alai</als 
B/E] a]2/ 2] S/S/5/s/E/s/ 313/35] 
5/6/22 a 3 sialsigis/sisieisig 
Slals a8/S/Sls|alelals 
BISIAIS/S/S(S(S/Si(siS/S/S/S/s 
*“t1) 2/3/4115 6 | 7) 8) 9 | 10) 11) 12/13] 14 
GASTEROPODA—Cont. 
Solarium thirrianum,d@'Arch.| -|-|2]-]-|-]-]-]-]-]-|]-|]-]-]-] 2 Dev. 
‘i ee &R. -J-]17-]-]-]-]-]-1-]-]-]-|]-]-]-] 1,ND. MB. 
-{-]/-/]-]3]-]-|]-]-|-]-]-|-|-|]-]-]|3Be. 
Trochus bermclnoodia| Wood:|}-|-|-]-]-]-|]-|]-|]8]-]-]-]-]-]-]|8Be. 
»  Basteroti? Brongn. |-|-}]-|-|-|]-]-|]-|]-|-]-]-|-]13]-] 13 Nor. 
» Buvignieri, P.@C.-|-|-|-|]3]-|]-|-|]-]-|-]-]-|-]|-]-]3Ha. 
» givondinus? d'Orb.}-|-|2]-]-|-|]-]-]-j]-}]-]-|-]|-]-] 2 Dev. 
» goupilianus’, @’Orb.|-|1]-]-|-]-]-|]-]-|]-|]-]-|]-|]-]-] 1 MB. 
» linearis (see ’Pleuro- 
tomaria). 
A peblabert, Woods -]-]-]-]-]-]-]-]-|]8]-]-]-]-]-]-] 8 common. 
» spl -;-/;1]/2]-]-]-]-|-]-|-]-]-|]-]-]-] 2 Dev. ‘ 
‘i 8p. 2 - - -{-;-]2)-]-]-]-]-]-]-]-]-]-]-]- | 2 Dev. 
» 8p.3 -;-}-]2)-]-]-]-]-]-]-]-|-]-]-]-] 2Ch. 
Turbo pomunatis Sow. (see 
Solariella 
» Geinitzi, Woods - -T-}-]-]-]-]-]-]-[8]-]-]-]-|-]|- | 8 common. 
»  Guerangeri,d'O7b. -}|-|-|2]-}-|]-|-]-|]-|]-]-]-|]-]-]-] 1 MB. 2 Dev. 
»  ‘etifer,Holz - -{-/]-]-]-]-]-|-]-|]-|]-]-]-]-|]- 14] 14Tr. 
»  Yotomagensis, d’Orb.-}-|-|2]/-]-|]-]-|-]-]-]-]-|]-|-|]-|2Ch, WD. 
» (ike Triboleti, P.¢C.)}-|-]|]-|3]-|]-]-]-]-|]-l-]-|-|]-|]-|3F 
»  tricostatus,d'Orb, -|-|-]2]-]-|-]-]-|-]-]-|]-|]-]-]|-]| 2 Dev. 
A 5p. 1(or Gibbula) -}-}1}-7]-]}-]-|-]-]-]-|/]-]-]-]-|-|1De E, IW, MB 
p. 2 -|-|-/2]/-]-]-]-]-]-]-}-|]-]-]-|-| 2 Dor, Ch. 
Turritelia Bauga, Gr. -}-]-]27-]-]-l-1-]-|-|-]-]-]-]- | 2 Dev. 
” cenomanensis, -|}-]-/]3]-}-]-}-]-]-]-]-]-]-|[-] 3824 
d'Orb. 
i turbinata, Sow. -}|-}-]-}3]-]-|-|-]-|-]-]-]-]-]- | 3 Sussex. 
7 ae smooth cast.) -/|-Jz}j-}]-l|-]-|-]-]-]-]-|]-]-]-] 2 Dev. 
is 1 as) of =a] ol ate |S] e 1s po] al fe fo eb. 
> 2 - -|=|=|=|=|=|=|=)s[el=|=[=) =[ife | Bon. 
Voluta Guerangeri, d’'Orb.-|-|-|]2]-|-|-|-]-]- -|{[-]-]-]|-| 2 Dev. 
»  semiplicata, Gein. -|-|-]-}]3]-]-|-]-]- -|- -|-|3F. 
» ambigua, Mant. non 
rand - - -f-]-J-]3]-]-]-}-]-]-]-]-]-|]-]-] 3Sus. 
LAMELLIBRANCHIATA. 
Anatina lanceolata, Gein. -|-|]-|2]-|-]- ~ -|- -|- | 2 Dev. 
Anomia papyracea, d’Orb. -|-|1]-|3]4]-]-]-]-]-|]-|-]-|]-]-] LNW. 3IW, He. 4 
He, Cam (Tott. St.). 
» subtruncata? d'Orb.| -|-}-]|-]-]|-]-]-|-|]-]-]-]-]- [14] 1429. 
»  transversa, Seeley -|-{/1]-|-|-]-|]-}-|]-|-]-]-]-|]-|-] 1 Cam. 
a ap. es * -|-]-]-f-]-]-]6@}-|]-|]-]10} -|]-]-|-]| 6Dev. 10 WK. 
ef =| 8)s) =| = f= [= |e he| = fe] =] ==] 2 Dev: 
Arca, (Barbatia) Galliennei, *l1{2}-]-|-]-]-]8|-|-]-]-]-]|-]| 1MB, De. 2 Ch, Dev. 
a@’Orb. 8 Be, Bd, He. 
iv ay ef. Geinitzi, | -|-|-]-]-|-]-]-|8|-]-|-]-]|-|14]8Be Tr. 
Reuss. 
» (Trigonoarca) pass» |*/1]2]-]-}-]-]|-]-]-]-]-]-]-]-]| 1De MB. 2 Dev, Ch, 
yana, d’Orb. 
» Pholadiformis, d'Orb. - 1}-|}-|]-J-|-]-]-]-|- -|-|- | 1IW, MB. 
» ,royana, d’Orb. -|}1/-]-]-]-/]-]-]-]-]-]-[]-]-]-] 1Iw. 
» (Barbatia) vendinensis,| - |-]|2|-]-|-]-|-|-]-|- -|-|-|2 Dev. (Meyer's bed 
@Orb..| - 10). 
Astarte cyprinoides,d Arch. |-|-]2]-|-]-}-]-]-]-]- -|-]|-| 2Dev, WD. 
»_ Konincki, d'Arch.- | -|-]2]-]-|-|]-}-]-|]-|]-|]-|]-]|-]|- | 2 Dev. 
Aucellina gryphxoides, Sow. | *}1}-1]3/4]/-|-]-}-|-|]-|-]|-|-]-|1 EB De MB, Iw, 
Cam. 3passim. 4 
Cam, Lin. 
Avicula, cf. ,cserulescens, 
Goldy. 
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Lower Mid’l 
Chali. [Chalk] Upper Chalk. 
e e dle 
8 Ela pe 5|8 
Flajsls| l2lal lglal lgldle 
q 5 a Fla les gj S/8/5/2/8/4 io 
SPECIES. SlSlSlSlBlelslzlslelel2l elas seein 
S/S s/s Ss / Sissies Si Bl sjalsisl/a AND REMARKS. 
Sle elsl2/S alee e| S| 2) cl als 
2(sleleisisiais/slsisialeisis 
Jel2/38|S)RISIF lB (Bl s|a/a)<[a/5 
z = g | a e S S S(S|Elsisisjsis 
elsislelglale|sisialaleleia 
3 g/a 
£15 /8/6/S/8|S[8|S8|s|818 1818/8 
*{1)2]3)4]56]6)7) 8] 9} 10) 11] 12] 13) 4 
LAMELLIBRANCHIATA—Cont. | 
Avicula dubia, Eth. - -[-j)-}-]-)4])-]- -]-|-]-[-|-]J-]- : Com (Tott. St.). 
Py filata, Eth, - -|-|-|-|3]4]-]- | -|-]-]-]-|-T-]- a Ln ‘ Cam, Nor 
‘ott. St. 
» lineata, Rem -|-|-|-|3]-|-]- -|-jJ-|-|]-]-|]-]-]|38 3 eit ss 
‘i grypheoides (see 
Aucellina - — - . 
ii nitida, Woodw. MS.) -|-|-| - -|-,-]-|]-|-]11]12]-]|-] 1. Nor. 12 Yo. 
ie sp. (? nitida). -}-}-]-f-]-t-]- | -|-]-]- }11]12]/13] - | 12 aint 12 Sal, Es. 
s 13 Sal. 
5 Roxelana, d'Orb. -| -} -]-]-|4]-|-'-}-]-]-|]-|]-]-]- 
a tenuicosta, Rem. |-}-|-]|-}]-|-]- -]-]-]-]11]12]-]-| 11 Yo. 12 Sal, Suf. 
- subnodosa, Hag. -]-}-|-j}-|]-|]-|-|-j}-]-]-|]-]-]-|[14 rea - 
8p. NOY. - : -}-]-]-]-]4]-]-]-]-]-]-]-]-]-]-]4 e, Nor. 
Caprotina sp. - -f-;-}-[-]-]-}-,;-] 8] -]10] -]12]-]- az aw. 10 Sus. 12 
Cardita cottaldina, d'Orb. -|*]}1]/2/3}-{-]-|-j}-|-]-]|-]-|]-]-]1 IW. etl 2 WD, 
“ baa ean =a tS ale —|-}-]-]s8}-]-]-]- d-][- ee Bd, Cam. 
3 eee < = af fs pele: [ie bs ke pee pe ‘rin, 
> tenuicosta? Suw. -|*}1]2]3]-]-]-]|-]- -|-}-]-|- a ti ee Dor, oF, 
ur, Be, Bk. 
Cardium alternans, Reuss -|-|-}2]/-|}-|-]|-]-|]-/]-]-]-]J-]-]- 2Dev. 
»  alutaceum, Goldf.-| *]-]2]-]-]-]-|-]-]|-|]-|-]-|-]-] 2 Dev. 
»  Aillanum, Sow.(see| *|1}9/-]-]-]-]-}-]-]-]-|]-]-]-|]11W. 2 Dev. 
Protocardium) 
»  Mmailleanum, d’Orb. | -}17}2]-|-{|-]-]-|8]-|-|-|-]|-]|-| 1De. 2Dev,Dor. 8Be. 
‘5 cedomanente } , | 1]-|-|-}-]-]-|]s]-|]-]-]-|]-]-]|1 MB. 8 Be. 
7 ‘ 
turoniense, Wonds-|-|-|-|-|-]-]-|]-|8]-|-|-|]-|-{- 8 Be, 
Chama cornucopie, d’Orb.-|-|-[2]-]-|-|-|-]|-]-|]-|-|-]-]- | 2 Dev, Ch, Dor. 
»  tnequirostrata, (see 
Diceras). i 
Corbis Morisoni, Woods -|-|-~]-}-|-]-]-~]-|s8]-|]-]-]-]-|-| 8 Be. 
beter, A pena @Orb. -|}-Jaila]-|-]-]-]-]-!-]-]-|]-|-]-]1MB. 2 Dev, Ch. 
Colteya | (see “Thracia).. SE ee > 
Crassatella ligeriensis,dOrb. | -|-~]2]-|-|-]-|-]-|-]-]-|]-|-|-] 2 Dev. 
ore bras bel gabe |= | ala fie feb b= |= pepe] 2 Dew 
sp. (casts)- :|.. pela faj]e|sj=xleJadade|a be]- 7 LEW, 
Cucuilza CGremumnsod on */1 3/-|]-|-|]-]-]-}-]-]-]-|- oe Bk E, 3F, IW, £, 
Py mailleana, d’Orb. *lileal/s3]-]-]-l-}-[-]-]-]-f-]- 1De, Iw, MB. 2 Dev, 
ch, Dor. 3 E, NW. 
» | ,Guerangeri,d’Orb. | -|-|2)-|-]-]-]-]-1-|-]-]-|-]|-] 2 Dev. 
i nana?, Leym. -|*|-~|-/3]-]-]-|-|]-[-|]-|]-|-|]-|-|3F: 
‘6 obesa,P.&R. -]*/1)-]-]-]-|-|]-]-]-|]-]-]-]-|[- a MB, NW. 
sp. efojobelel=][-|=[-f- [= hele 7s 
Guspidaria coudata, Niles. -/|-Ja}-!-l-]=]-]s]-|]-|-]|- [13] - | 2 Dor. 8 Be. 713 Nor, 
ee um 
Cyprina xquisulcata, Woods |-|-|-|-|-|-]-]-]8]-]-|-]-|-]- 8 Be. 
»  quadrata,dOrb. -|*]}/1/2 -/[-j]-|-[s]-|]-/-|-]J-|- aie pe ee 2 oh 
or. e, Bd, 
»  ligeriensis,d’Ord. -|-]-~]2/-1-|-]-|-|-]-|-]-]|-]-|-| 2 Dev . 
0 OB feta] ef -t-]-]-}-]-]-]-]|-]-]-]-]| 42% De. 
Cythereasp.- - - -J-/1}/2/-|-]-|-]-]-]-]-]-|]-d-]- 1De. 2 Dor. 
Diceras inaquirostratum, -~|-|-|-]-]-|-]-]-]-]-|-| - [13] 14] 13 Nor. 14 Tr. 
‘oodw. 
Exogyra conica, Sow. - = - 1l2}/s3}-|-!-{-]-|]-jJ-]J-|]-]-{- pees hag 2 Dev, 
or. 7 
»  conica var. undata,}* }1/}2])-]-}- -|-}-|-|]-j-]-|-]- 11W. 2 Dev 
OW. | 


476 THE CRETACEOUS ROCKS OF BRITAIN. 
Lo | ae 
wer Mid’le} 
Chalk, Chalk, Upper Chalk. 
3s a re 
a]. a a BS g g Z 
J2}8}3]3|_l2t2| ale) eld] s 
A sl ael"le/sl5/e/ als alsl|els Loskurnin 
SPECIES. ele S| 8/2] 2/C18] 8/2] 2/2/3| 8] 8 a 
SiS] eis(SlSia E1318) 5] 2/ Siai- AND REMARES, 
alelals|2/=/elelSle|o/ 2] els 
Sis slelslslBlsls| sisislelslé 
elelsis{Fi</ lem s/a)=/=/4/s 
slE/ aie] Sis/s]s(s/els| si s/sis 
218/5/2/2)2/212/2/ 22/4) 21 3l 2 
i=) a 
BIS/AStS S/S /S/SlslS/S/SlS]s 
*11/213)]416)6]7) 8] 9] 10)11| 12] 13) 14 
LAMELLIBRANCHIATA—Cont. | 
Exogyra haliotoidea, Sow.-|*|1{2/3]4|]-]6 7{|-|- |10]/11]/-]-]-|]11IW,E,MB,Cam. 2 
WD, Dev. 3 passim. 
4passim. 6He. 7 
He. 10 Ha, EK. 
| 11 Ha. 
Gastrochenasp.- - -|-|-|]2}-|/-|]-]- -J-J-|J-J-]- - | 2 Dev. 
Gervillia sp.- —- -}-/1]-]-]-]-]- -]8]-]-]-]-]-]-] 1 MB. 
Goniomya sp. : . -J-]-}-]-]-]-]- -]}- ]-7-]-1- 14} 14 Tr. 
Hinnites (see Pecten). | 
Inoceramus Brongniarti,}-|-|-|-]|-]5|6 7|8 |9 ]10/11]12/18|-|5Dor. 6 Ha,SD. 7 
~~ Sow. Do, Sus, Dev. 8 Do, 
Sus, Be, Es. 9 EK, 
WE, SD, Cam. 10 
WE, Nor. 12 Sal. 
” converus, Eth. 
(see striatus). 
i cordiformis,|-|-}-|-|-]-]- -]-]- ]10]}-|-]-]- | 10 Wk. 
Sow. | 
4 Cuvieri, Sow. -|-|-|-|-|4]-]6 7] 8] 9 |10]11/12)/13]-|?4 Bk. 6 common, 
7 passim. 8,9 and 
10 common. 11 Mar, 
Sus. SD. 12 Sus. SD. 
13 8D. 
i Cripsi, Mant.|-|-|-|3 -|-/-]-]-]-|- -|-| 3 Hamsey and Kent. 
i cuneiformis | - -|- -|-{-]-]J-]-]- - 
(see pictus) 
* digitatus, Sow. |-|-|-|-|-]-]-|-|- | - [10/11]12]13] - | 10 Sus, Sal, Yo. 11 
WE. Yo. 12 Sal. 13 
Nor. 
* giganteus Wdw) -)-|-|]-|-]-|- -|-|-]-]-]18] - | 18 Nor 
a inzquivalvis, -j-|-J-J- -{-/-]-]-]-]-I-]- - 
Schlit. 
# involutus, Sow. }-|-}-]-]|-]-|-]-|- | 9 }10}11]12] - | - | 9and 10 common. 11 
Ha. 12 Sus. 
¥e labiatus, Schloth 
(see mytiloides). 
fr Lamarcki, Park.|-|-|-}-|-|]-|6]7]- | 9 {10/121 -|-]- | 6Ha,IW. 7 Do, Sus, 
He. 9Sus, WK. 10 
Sal, Nor. 11 Nor. 
‘i latus, d@Orb.|*/1/2/3]4]/-|6}]-|-}]-]-|-]-]|-]|-] 1 BeZW, MB. 2 Dev, 
non Mant. : Ch, Dor. 3 passim. 
4kd, He, Cam. 
i a ~|-|-|-]-]-]-|]-]- ]- ]10] - [12/13] - | 10Sal. 12Sal. 13 Nor 
"Orb. bi 
i lingua, Goldf.-|-|-|-j|-|-|-]-|- - | -]}11]12] - | - | 11 Mar, Ha, Nor, Yo. 
12 Sus, Yo. 
si mytiloides, -{-|-]-]4]/5/e6]7]8]9]10]/-]-]-]-|4 Cam, Norf. 5 
Mant. passim. 6 passim. 
7 Do, Ha, Sus. 8 
SD. Dev. 9 Do, Sus. 
10 Do (rare): 
‘as pictus, Sow. -}-]}-]-]3]-]-]-]7]}]-];-]-]r-tr}-dc- 3 Wilts, SD. 7? Ha. 
i striatus, Sow.-|-|1,;2/]3) 41/5 -~|}3}-|]-]-|]-|-|]-]|1De,MB. 2 Dev, Ch, 
SD. 38*passim. 4 
WK, Bk, Cam. 5 
SD. 8 Sur, NW. 
Be, . 
3 striatus,var.con-|-]|-|-|-]4]-|]-]-|-]-]-]-]-]-]-] 4 Cam. 
vexus, Eth. 
ay tenuis, Mant.- | - -|3 -f-]-]-|]-|]- ~|-|-| 8 Hamsey, E 
” undulatus, -|/-]-]-]-]-]e6]-]s]9]10]-|-]-]-] 68a. 8Sus. 9 WK. 
Mant. : 10 Sur. 
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wi ” 
Lower | Atidle) Upper Chalk. 
8 a 5| - 
=| Bl a eS 
elsis 3g 5 5 g gla 
e/2/2/5]8| lela) a/2ll (ali 
P 8/3 /2|2/3) 8814] 43/2] 18/8] # LOCALITIES 
RECTES: Elz) el4/2]8/4/3|3/3/8)2)8)8)2| avp pewanns. 
Slelelsl2 |B els/Sle) S| z| cl Als 
Oo) a] 6 ale Oo] a élBlast-] 4 
n Zlolsisis 3/8/8 8i_g/s 
als(S lel (= ("le || 5/2 /2(< (2/8 
Blelela|S]3/S/elS/2/ S12] 8/212 
=} 2)3/2/8/2/812/5/218/ 21818 
i=) 
#/8(alélS|S(S/S|Sjsl8/siS/s|8 
*11)2138)4)]6)]6)7 | 8] 9|10/11) 12) 13) 14 
LAMELLIBRANCHIATA—Cont. 
Inoceramus sp. - -J-)-]-]-|]-]-|]-|-]-]-]-]-]-]- ]14] 141. 
” sp. - = il aid] Dice bes -|]8]-]- -~|-[- = 
Janira,(see Pecten(N¢ ithea).) 
Tsoarca obesa, d’Orb- -|*11)2)-}-]-]-]-]-|-]-|]-|]-]-]-] 1 IW. 2Ch, WD, MB, 
Leda pulchra, Sow. (see 
Cuspidaria caudata.). 
» siliqua, Golaf (see 
Nuculana). 
Lima equalis, Héb. (see 
Spondylus). 
» aspera,Mant.- -|[-!1)-13])/4]/-]-]-]-]-]-|-]-]-]- 7 oe ee 
Ox, Bk, He, Cam. 
» astieriana, dOrb. 
(see L. elongata). 
»  cenomanensis.d’O7b.|*|-|-|3)4}/-]-]-]-]-]-|]-]-|- 3 Hun. 4 Hun, Der, 
»  consobrina, d Orb. -|-|1]-|]-|]-]-]-]-|]-]-]- -|-|-| 1IW. 
»,  decussata, ‘Goldt. -|-]-|-|-]- =|=|=]</e ~|-)14} 14 Tr. 
»  dutempleana, d'Ord. 
(see semisuicata). 
» echinata, Eth. - -}-]-]-[]3]4]-]-]-]-]-]-]-]-|-]- | 3 WK.Cam, Hun, Lin, 
Sp. 4 Be, He, Cam. 
» elongata, Sow. -;-]1]2]/3);4]/-]-]-1-]-]-]-]-]-|]-|1 5, IW. 2 Dev. 3 
: passim. 4WK, Hun, 
» Galliennei,d’Orb. -{-}-|-]|-|- ee es ee ee aS - 

»  globosa Sow. *{1/2]/3]/4]-]-]-]-]-]-]-|-] -]|- | Common from 1 to 4. 
» «granosa, Suw. qin -{-|]-|-|-j]-]-}-|8]-]- /a1}12/13] - | 8 Ha. 11 SD. 12 Sal. 
Dixon). 18 Sal, Nor. 

»  granosa, Goldf. -|-]-]-]-]-|]-]-]-1-] 9 J1ao/a1]-]-|]-| 9 Sue. 10 EK, Sus. 

11 Mar, Sus. 
» granulata, Nilss. -|-}-|]-|-|-|]-|]-|-]-]9]|-|-|-]13]}14 er 13 Nor. 14 
Ts 
»  Hoperi, Sow. - -}-}-]-}-]-1- 7-171] 8] 9 |10}11|12/13]14] 78D. Common from 
8to13. 14Tr. 
» intermedia? dOrb. -|-|-]2]-}]-]-]-]-]-]-]-]-|-|-]-| 2ch. 
»  leviuscula, Sow. (in| -|-]-|-]-]-]-]-]-] 9 ]10}11}12)-|-] 9 WK. 10 Sal. 11 
Dixon), ou, Sal. 12 Ha, 
al. 
» Mantelli, @Orb. (see 
L. Hoperi). 
» ormata,dOrb.- -|*/1/213]/-[-f-}-]-|-]-]-|-|-|- 170 Aas 2 Dex, Ch, 
» ormmata Eth. non|-|1|-|-]-}-]-|-]-]-]-|]-]-]-]|-]|1Cam. 
d orb. 
» ovata, Nilss. = -J-/-|-/|31(-/]-]-]-]-]J-[-|-(-|- 3 Hun. 
» pectinata,d'Orb. -|-|-|-|-|-]-]-|-] 8] 9 }10/11]12]/13] -|8Ha. 9IW. 10IW, 
Ha. 11 Ha. Sal. 12 
Sal, Ha, Sus. suf, 
IW. 131W, 
» Yapa,d'Orb, - -|-|-|2]-]-|-]-]-]-]-|-]-]-|-|]-|] 2 Dev. 
»  Beichenbachi, Gein. |-|-|2}-]-]|]-]-]-]-]-]-]-]-|-]|-] 2 Dev: 
»  vrotomagensis, d’Oro.|*}-|2]/-}-|-}-}-|-|]-]-|-]-|-|- | 2Dev. 
» semiornata, dOrb.-|*|1|2)3}-;-|-]-1-]-]-]-]-]-[- Ane 2 Dev, SD. 
» semisulcaca, Sow. -|*}1)2])-}-]-]-1]718]-~|-]-| - | 18}14] 1 MB, NW, 2 Dev, Ch, 
Dor.7 8D; 8IW.13 
Sal. 14Tr. 
» semisulcate.var.dutem-| - | - | - | - | - | - -|-|-]-]-]-]-]|- | 188D, Sal. 
pleana, dOrb. 
» Ssimplex,@’Orb.- -|-|1])2]-|-|-|]-]-]-]-|]-|]-]-]-|- 1MB. 2 Dev 
»  8pinosa, Sow.(in Dix.) (a doubtful species). 
»  8triata? Golif. -f}-|-;-}]-J]-[-]-]-]-]-]- -~|-|- 
»  subabrupta, d’Orb. -{-1-J-]-[-i7]8l-|]-!-1-|-|-]|7Ha. 8 Ha. 
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THE CRETACEOUS ROCKS OF BRITAIN, 
Lower Mid'le| 
Chalk. Chalk, Upper Chalk. 
cy ; “a 
g ala 5 g g 
Oo s a a>) : 
AMEE sal lg|dta 
i} diereig|s q Bia LOcALITrEs 
2/3) 8!8|3|2/0/2]2 313 5 Bs 
SPECIUS. Ela)e/2|2/8 allele €\é S1S]8/43] ayp Remargs. 
Cla] ale lZIalsleialsis|/ siz 
2a {sls} 2{F sia) are ayals 
2/2] 2lelslsleisis| éle]4i eles 
elelels (Al 4lRl&lR| s/alA/<1a/s 
slSlalS|slslslslsls[s/sisisis 
21S (e)elaeieiele)eielelalal a 
5 o| a 
BIS(AlS/S/S/S/S/8 [s/s [si 8 (s/s 
*1]1]2/8).4)6;6) 718] 9 |10;11} 12] 18) 14 
LAMELLIBRANCHIATA—Cont. 
Lima tecta,@’Orb.  - -[-]2]-}-y-]-]-f-]-]-]-]-]-]-] 2 Dev. 
sp. - - -[-]-]-]-]-]-]6]-]-[-]-1-]-]- | -] 6Sus, Dev. 
Limopsis sp. « : ed ecs lf Se fess: Wega: free |e Pee | OR: Pred oe fhe ater [ot] eee! 
Lithodomus rugosus, d'Orb. ~}-]2/-|-]-]-|]-|]-|]-]-|]-]-]-|-] 2 Dev, Ch. 
Lucina turoniensis ? d@Orb.- |-|-]2]-}-]-|-|-]-]-]-|-]-|]-]-]2Dev. . 
Intraria (see Thracia).- 
Martesia rotunda, Sow. -|-|]-|]-|-|-]|-]-]-|8]-j-|]-]-|-]-| 8 Be. 
Modiola capitata? Zittel. -|-|-] 2 - -j|-|-|]-}-]-]-]-]|-]| 2 Dev. 

ns Cotte (see Septifer) 

»  divaricata, d'Orb, - | - 2)-}-]-]- -{-|-|[-|]-]-|-] 2 Dev. 

. Guerangeri, dOrb.- |} -]-]2]-]-]-| -|]-}-}]-]-}-]-]-]-] 2 Dev. 

ae ligeriensis, d’Orb. -| *{1|2]-|-]-]-|-|-|]-]-]-|]-|-]-|]18. 2 Dev. 

» quadrats, Sow. (see 

Septifer lineatus). 
»  Striato-costata, -}-|-|2]/-]-]-l-]-]-]-]-|-}]-]-] 7 | 2 Dev. 
Ord, 
(? arcacea, Gein.) - |] -] - | 2 -{-[rde-drdrd rice] - 2 Dev. 
7 irregularis, Gein.) }-|-}2]-]-|]-[-]-]-[-]-1-]-|-]7- | 2 Dev: 
Myocone a cretacea,d’Orb.|]-|-|]2]-]-|;-|]-]- }-]rprpry- dc 2 Ch, WD. 
Neera (see Cuspidaria). 
Neithea(see Pecten( Neithea). ) 
Nucula impressa ? Sow, ~l1/-|3 -}r7d-]-]- dro d-d- 1MB.3 Do. (Gardner). 

» obtusa, Sow. - -|-|]-]-]|3 -trpey-y rice d- 8 Do. (Gardner). 

»  obesa (see Isoarca). 

»  pectinata, var. -|-]-]-|]3]-]-|]-]-]-]-]-]-|-|- [i] 38. ltr. 

crete, Gard. 
si cf. renauxiana, -|-]-)}381-!-[-]-]8]-|-|-|-]-|-| 3 Tring. 8 Bk, Be, 
ad’Orb. Be, 
Nuculana siliqua, Goldf. -|-|-]-|-|-}-]7 8)-]-|-|-]-]-] 8 Be. 

» lineata? Sow. -]-]-|]3]- -|-{-1l-|]-1-]-]-|-|- | 8 Do. (Gardner). 
Opis bicornis? Gein. - -|-|]-|2]/-]-]- -|-j-/-]-|-|-|7- |-2 Dev, Ch, Dor. 
Ostrea acutirostris, Nilss. |-|-|]-|-|4]|- -|-|9]10/11]12|-|-|4 Sus, Cam, Lin. 9 

WK. 10 EK, WK, 
Mid, Nor. Yo. 11 
common. 12 Suf. 
Nor. 

» aleformis, Woodw. -|-|-|-|-]-|-|]-]-]-]|-|lO]1t]12/138}-] 10 EK. 11 Mar, Sus. 
12 Sus. 13 Nor. 

» canaliculata Sow.|-}-|-|-]-]-|]-]|-|-]-]|-|-]|-]-] 7] Ostrea of Min, Con, 

(see O. lunata). Pl 185, net Chama 
of pl. 26. 
» canaliculata, Sow. -}*!1/2)3]/4)-]-17]8]9 1 | 11]12]18)14] (Chama) Common in 
(O. lateralis, Nidss.) 1 to 4 and in 7 to 
11, 12 Sus, Ha, Sal. 
18 8D, 14 Tr. 
» carinata, Sow. (see 
rons). 

» concentrica, S. Wdw. | - | - -f-]- -!-]-]-]-]-]18} - | 13 Nor. 

» eunabula, Seeley -]-|1}-}-]-]-]-]-]-]-]-]-]-]-]-]1Cam. 

»  curvirostris, Nuss. - | * | - -|4]- -|[-]|- }10) 11/12 -|4Cam, Lin. 10 Do 
11 Mar. 12 com- 
mon. 

» diluviana, Linn. -|-}1)21/31-]-1]-]-]-|-]-]-|-|]-]-]11W. 2Dev. sHun. 

» jlabelliformis, Nilss. 

(see sulcata). 

»  frons, Park, -]* 1 3/4]/-}-]-|]-]-|-]-]-]-]|-] 15, 1W, MB, Cam. 2 
Dey, Dor. 3 passim, 
4 Bd, Cam, 
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ss 


” 
” 
” 


” 


Lower 


Mid'le| i 
Chalk. Chalk, Upper Chalk, 
ic A af 
a A ae 5 g 
a ‘ 
al ElS]IE) Ele] glZl el etd] dle 
gd} -|Sleisi(s]sis giz ¢ LOcAttrres 
E aie 3 a 
SPECIES. g & 2/S/Bl¢ i 5 a g g a= 5 2|  awp Remanxs, 
Slelals|2/=/s/s[ ele] 8) 2| ola} s 
S| 8] alslelElels|slslsiei3/3 
Slels(SlAi<|Ale S| slalai<jays 
SlElelslElS(SfElS(zlei 2/218 /2 
C/E Sa el eis aisle) eigials 
S © 
B16/8/6/S/8/S (S/S isis (s|S/8\s 
*]1/] 2/3] 415]6]7| 8] 9/10) 11/12] 13) 14 
LAMELLIBRANCHIATA—Cont. 
Ostrea Goldfussi, Holz. -;-}-]-]-]-]-]-]-]-]-]-]-|]-|]- [14] 14 Tr. 
hippopodium, Nilss.| ~|-|2]-|4]-le6]7 9 }10|11}12]13 [14] 2 Dev. 4 WK, 6 Do, 
IW. 7 Do, Sus, IW. 
8 Do, Ha. Cam. 9 
to 14 common. 
tnequicostata,S.Waw. 
(see suleata). 
lagena, Seeley - -|-~|1}-|-]-]-— -{-/|;-]-]-|-|]-|]-]1Cam. 
larva, Lam. - -;-]-]-]-}-]-]-]-]-]-] -]11]12/13] - | 11Sal. 12Sal. 13 Nor. 
lateralis (see cana- 
liculata). 
Lesueuri, d'Orb. *Pefele(Si4a].Jelele}-|sie]=|<|<)38ne 28mm. C=0 
hippopodium). 
Junata, Nilss. - -}_-}-]-~]-]-]-]-]-]-|]-]-]-|-|-|14] 14 Trim. 
normaniana, d’O7b. - | ~|1])2/3]4/5]61|7 |8]9|10/11]12|13] - | Common throughout 
except in 5, 6, & 7. 
pectinata, Lam. (see 
diluviana). 
semiplana, Mant. -}-|-|-|-|-]-{|6]7]8]|9{10}11/12/13]14| 6 Sur, Sus. 7 Do, 
: ; Sus, IW. 8 SD, Be, 
Cam. 9to12 com- 
mop. 13 Sal, 8D, 
Nor. 14 Tr. 
sulcata, Blum. - - -/{-7y-]-]-]-]-]-]-] -|/11/12]/13} -|11_.WK. 12 Sal 13 
Sal, Nor. 
triangularis, S.Wdw. | — -/{-/-/|-|-]-|]-]-|]-]-[-|13] - | 13 Nor. 
ungulata, Schinnh, -| -|-|-}]-]-~/-~]-]-]-]-]-]-—]-| - |14] 14 Tr. 
vesiculosa, Sow. -}*/1/2/3]/-].~)-]-|-|]-]-]-|-]-]- | 1]W. MB,2Dev.3Iw. 
vesicularis, Lam. -|*/312]/3]41516]|7]|81] 9 |10}11}12]13|14] Common throughout. 
», Var. globosa, Sow. |} _~]-}-]-]-~|-]-|-|]-]-]-]-]-|13]14|] 18 Nor. 14 Tr. 
virgata, Sow. (in|_~|-~{-|]-]-~]_]-]-]-]- -|12] -] - | 12Sal. 
Dixon). 
wegmanniana? d'Orb..) | - | -|-|-]-]-]|-}-]|-]|10]11]12]13}14] 10 Ha, Sal, IW. 11& 
12 common. 13SD. 
14Tr, 
Panopea sp. (? Pleuromya)|_~/1/-]-]-~]-]-]-|-|]-|]-]-]-|-]-]1 BF, Iw 
Pecten acuminatus? Gein.-|~|-|2]-|]-]-]-]-|-]-|]-]-]-]-]|-| 2 Dev. 
arlesiensis, Woods -|-/-]38/4/-/-]-]-|-|-|-|-|-]-|8F. 4 He. 
cf. asellus, Sow. -~|-/-/|-/-/]-/|-]-|]8/]-|]-]|- [12] -|- | 8Ha, 12 Sal 
asper,Lam. - -!*/ila/—-|/-|]-~|-|]-]-|-]-]-]-]-]-]|11W, MB, De, Be. 2 
: Dev, Ch, 
- Beaveri, Sow. - -TeJi}-}3}4a4]/-]-]71-]-]-]-]-]?]-|]11W, MB. 38 and 4 
common. 7 Sus, 
Cam. 13 Nor. 
britannicus, Woods -|_~|-|-/-|-|-]-]-]-]-J10]-|-]|-]| - | 10 Sur, Sal. 
campaniensis, d'Orb. | ~ | -- | ~|-|-|- -|-]-]-|[11]12]13]14] 11 Sal. 12 Sal. 13 Sal, 
Nor. 14 Tr. 
concentricus, S.Wdw. 
(see mantellianus). 
cretosus, Defr. ~|-|]-]-1]-}-]6]7] 8] 9 }10/11/12/18/14] 6 Do. Ha. 7Do. Nor. 
8 Do. Sus. 9 Do. Sus. 
Sur. Common from 
10 to 14. 
cretosus, Goldf. (see 
elongatus). 
curvatus, Gein. -[*]1f-J-]-]- os foe: [ee llc I Piss -|1£5. 
dubrisiensis, Woods|~|}-|}-|3]4]-|]-|- = -|-|-] - [8 Cam. 4 He, Cam, Suf, 
Dujardini, Rom. 
(see pexatus). 
elongatus, Lam. -f*]t}-73)4]-]-]-]-]-]-]-|]-|]-]- |) IW. MB. 8 passim. 
4 Bk, He, Cam. 
fissicosta, Eth. - -;-J1/2])3}4}-]-]-]-]-]-]-|]-]-] - [LIW. 2 Dor, 3F, Cam, 
Lin. 4 Bd, He, Cam. 
WK. Nor. 
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SPECIES. 


Upper Chalk, 


= Chloritic Marl (Stauronema)} 
eo Chalk Zone of Am. varians. 


» Zone of Hol. subglobosus. 
eo Z. of Mic. cortestudinarium. 


5S Zone of Mic. coranguinum. 


* Found in Selbornian. 
ro Devon Cenomanian, &c. 
o Zone of Act. plenus. 
@ Zone of Rhynch. Cuvieri. 
~1 Zone of Terebratulina. 
o Zone of Hol. planus. 
& Zone of Marsupites, 


& Zone of Bel. mucronata. 


fe Zone of Act. quadratus. 
= Zone of Ostrea lunata. 


LOCALITIES 
AND REMARKS. 


LAMELLIBRANCHIATA—Cont. 


Pecten Galliennei, d'Orb. - 

(see robinaldinus). 

»  hispidus, Goldf. - 

»  jugosus, Sow, in Dix. 

»  laminosus, Mant. 
(see orbicularis). 


» Mmantellianus, d’Orb. 


»  Nilssoni, Goldf. - 


» nitidus, Mant. (see 
cretosus). 
»  orbicularis, Sow. - 


» Passyi, d’ Arch, - 
(see robinaldinus). 
»  pexatus, Woods - 


»  puzosianus, d'Orb. 

»  pulchellus, Nilss. - 

»  Tobinaldinus, d'Oro. - 

» «var rotomagensis, 
@Orh. -_ - 

»  sarumensis, Woods - 

» serratus, Niles. - - 

» subacutus, Lam. - 

»  subinterstriatus (see 
robinaldinus) 

» undulatus, Nilss - 

»  (Hinnites) sp. nov. : 

sp. . 

Neithea) wequicos- 

xf tatus, Orb. 

* » cometa,d’ Orb. 

3 i decemcosta- 

ta, Meer. 
utemplei, - 
” n @’Orb 


* » Phaseola,Lam. 

“i » quadricosta- 
tus, Sow. 

ix »  quinquecosta- 
tus, Sow. 

ry »  sexcostatus, - 

S. Weodw. 


Pectunculus auplypuny, ge 


Perna sp S 
Pinna doviisata, Goldf. - 


» Bsulcata, Woodw. - 
»  tegulata, Hth. - : 
» , Jike tetragona,Sow). 
Plicatula Barroisi, Peron - 


gurgitis,P. & R. - 

4 inflata, Sow.- - 
i minuta, Seeley - 
in pectinordes, (see - 
gurgitis) -  - 

i sfgillins,8. P.Wdw. 


prad 
treet 
bend 
ee ee 
siete es | 
rtrd 


pr wll st 


Th 


trad 
proud 
Ets 
Pare 
Qrid 
@eiik 
rao.o t 


11 


13 
18 


13 


1 


> 


14 


1 Mel, MB. 2 Dev. 
11 Ha. ?13 Nor. 


10 Sur. 13 ND, Sa 
or. 
8NW. 12Ha. Sus. 13 
Nor. 14Tr. 


Common in 1, 3 and 
4, 


8 He, Cam. 11 Mar, 


12 Ha, Sal. 
1MB, ND. 2 Dov. 
12Sal. 14 Tr. 
Common in 1 and 2 


1MB, 2 Dev. 


12Sal. 13 Sal. 
14 Tr. 
1 MB. 2 Dev. 


1 MB. 2 Dev. 
1 IW, MB. 2 Dev. 


Mar. 12 ou, “IW, 


Dev 
1 MB. 2] 2 Dor, Dev. 3 
11 
Common : earemnationt 
except in 5 and 6. 
UC, Nor. (probably 
=N. Dutemplei). 


2 Dev. 


2 Ch. 
8 Sus. 4 WK. 7 Wilts. 
8Cam. 11 WK. 12 


SD, Dev, Bd. 9 Yev. 
Common from 1 to 4. 
Common from 1 to 4. 
1 Cam. 


Common throughout. 


GENERAL LIST OF FOSSILS. 


481 


Lower 


Mid le} 


Chalk, Chali.) | UPPer Chalk. 
a ‘i 
FI Al ag ia ELE: 
gisle|2| (8 18) lglg 
o18ia gs Sl og sg]. BlRl 4d 
a gla” |S g|5|8 4/3 lal EIEl a LOoALITIES 
: e/S/8|4/B 12/2/8138 |3 3 B\g 
icicles Aa § 218/2/8/s/a|8/2/8|8)2| avy Rumanus. 
SIS ssi Sit els] eel cleo] s/s 
oO ic} alas a 3 3): | & 
a Slojslslslalsl|sisleleial/s 
ale lslalelalaleis|cistsie/zlg 
slElala| =e] S]S]s] S/S] S| Ss] sisi s 
2/512 /3/2/8)2/818|5/ 818] 2/8/8 
So o 
&/8l4léiS(S/S/S|s]a(8/8islS|8 
*11/21)3/4]6]6)/7] 8) 9] 10) 11) 12) 13/14 
LaMELLIBRANCHIATA—Cont. 
Pholas sp. - elelOiel=|=)=/efe)=le|ef[el=|o) 2 wD, 
Placunopsis undulata ?,Holz. -{-J/-|J-|]-]-]-]-]-]-]-]-]-]- [14] 14 Tr. 
Pholadomya at -f-|]-[2]-]- -j-|-]- -|- - | 2 Dev. 
‘oldf. 
ja decussata, Phil. | *}1{-|3)4]-]-|]-|]-]-]-]|-]-]-]-] 1 MB. 3 passim. 4 Be, 
He, Cam. 
Hf mailleana, d’Orb. | - | - -|- -J-]-]-]-]J- -|- | 2 Ch. Dev. 
sp. (? decussata)-|-}-|-|-]-]-|-|-|]-]-]-]-]-]? | - | ?13.Nor. 
Protocardium hillanum,Sow. pal eb -{-J-}-]-]- -|-]-|-]-]1IW. 2Dev 
Radiolites Mortoni, Mant.-}]-|1]-]3]-]-|6/7}]-|-|-|11]-]-]-]1Cam. 3F, Sus,IW. 
6 Do 7 He 1 
WK. 
ef. angeoides Lam.| - | - | - | - -|-/]7]-]-]-]-]-]-|-] 7 Dev. 
Septifer lineatus, Sow. aT 2/3)-|- -|8]|9]10/11/12]13] - | 1 MB. 2 Dor, Ch, Dev. 
3 Sus, 8 common. 9 
WK, Lin. 10 Ha. 11 
WK, Ha. 12 Ha, Sal. 
13 Nor. 
Solen equalis, d'Orb. - -|-{-|2}-|-]-]-]-1/-]-|-]-|]-]-]-] 2 Dev. 
Spondylus cequalis, Heb. (see 
spinosus) 
or equicostatus, Eth. 
(see latus) 
ra complanatus ? -{-/]-|]-]-|]-]-]-]-]-]-]-]- |[18] - | 13 Nor. 
d’Orb. 
3 dutempleanus, -}-]213/4]-]617]8]9]10/11]12/13])14; 2 Dev, 8 F. 4 Yo, 
@Orb. (probably 6 Sus. 7 Do, Ha, 
the fimbriatus of Sur. 8Sus,IW. 9 
Do,WK. 10,1land 
12 common.” 13 Sal, 
A SD, Nor. 14 ‘tr. 
3 latus, Sow. -J}-}-]-13]4]-]| 6] 7] 8] 9 |10/11}12]13}14] 3¥, Sus, Hun. 4 Cam. 
‘ Common in 6 to 14, 
5 lineatus (see latus). 
55 obliquus, Sow. (see 
latus) 
iz Omalii,d' Arch, -|-|-|2]|- -}-}-}-}-]-J]-]-]- 2 Dev. 
af serratus, Woods -|-|-|-}-|-|-|-]-j]-]-]-]/1]-]-]|- | 11Do, Sal. 
- spinosus, Sow. -/-|-]-]-]-]-]6] 7] 8] 9 |10)/11]12]13]14] 6 Do. Common from 
é 7to13, 14 Tr. 
» . striatus, Sow. -/*/1];2/3]4]-]-|-]-]-]-]11}12]-]-]| 1MB, De. 2Dev. 3 
passim. 4 He,Cam. 
11 Sus, 12 Sus. 
truncatus?,d’Orb. -;-/-|]-]-]-]-]-]-]-]10)-]-]-]- | 10 ¥o. 
Tellina royana, @’Orb. - -{-]-}-]-]-]-]-]-]-]-]-]- [12]18] - | 12S8al._ 13 Sal. 
Teredo amphisbena,Sow. -|-|1]-{3|41]5]6/7)/8}9]-/11]-|-|-|]12E,MB,Cam. 3 to6 
common. 7 Ha, 
8 Bd. “9 SD 11 
WE, Sal 
» rotundus, Sby. in Dix. 
ee Martesia). - 
Thetis Sowerbyi. Ramer - 1/-|- -|- -|-J-]-]-]-|]-]1MB. 
Thracia carinifera, @Cro. -{-|1]2/-}-]-};-]-}]-]-]7- -|-|-]|1De,MB. 2 Dor, Ch 
Trapezium sptpam lars, -]-}-[-]-7]-]-7-]-]8&]-]-]- = 
‘oods. 
5 trapezoidalis, }- | -|-|-|-|-|]-]-]8}-|-|]-]|-]-]|-] 8Be Bk Bd, Es Cam. 
Roemer. 
Trigonia affinis, Sow. - -|*|-|2}-|-]-]-}-]-]-]-]-]-]7-]7-| 2 Dew ch. 
»  costigera, Lye. -|-]-|2]-}-]-]-|]-]-]-]-|]-]-]-|-] 2 Dev 
»  crenulata, Lam. -|-|-]2]-|-]-{-] -|/-]-]-]-|]-]7-|}-| 2BDev- 
a crenulifera, Tyce. -|*{1]2]-]-}-}-]-]-]-]-]-]-]-]7-| 12.MB. 2 Dev, Ch. 
» ebilis, Zyc. - -}-J2}-]-|-J-]-]-]-]-}-]-]-]-] 2 dev 
e dunscombensis, Lye. -|[-l2J-[-|[- ~|-]-]-]-1-1-/- 1 2 Dev. 
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Lower Mid’le 
Chalk. {Chalk Upper Chalk. 
= : 
eS a ‘ 
5 BI a see E| 
z\slei8| IEl.| |3 Z gid]. 
;}e]/8\8 8 Sid " Blais 
asl a/> alBlsl als ;Jelals 
S/e/8lelSls/ols|S/sialsisie|eZ LocaLitres 
SPECIES. HIS |SlS\Pl Sle] als) ei8/S/ 518 
SiS aiaislelsie|S| 81s) eS) 8] 3/4] AND Remaras 
Alelals/2/=le/s/=12) 2°) 2| >) 8/8 
2/3) 2/e|s\2|2/2/3(2/s|8/4|3|8 
Jelel S| SB 4[Sla le) s/aiaj<a|mys 
Z/E/aIS[Slslslelsislsisisis/s 
elElElZlglele/2(2|=|28/2/2/ 
ic} 
FIS(AlSISIS(ISIS|SlslS/S/Sis/s 
"J1/2)3/,4)616]7 | 8] 9/10/11] 12] 13] 14 
LAMELLIBRANCHIATA—Cont. 
Trigonia excentrica (see 
affinis). 3 
»  Meyeri,Lyc.- -|-|}-|2|-|-]|]-]-]-|1-|-]-|-|-|-|-| 2 Dev, ch. 
»  pennata,Sow. -|*|-|]2])/-]-|-|]-]-|-|-]-|-|-|-|-]| 2 Dev. 
»  sulcataria, Lam. -| *|-|2]-|-}]-|-|-]-]-|-]-|-]-]|-] 2 Dev. 
oh gi vicaryana, Lyc. -|*1a]2}-)-]-]-])-]-|-|-]-]-|-|]-]| 1 MB. 2 Dev, Ch. 
Unicardium rivgmeriense, | *|1]2]3{|-}]-]-|-|-|-]|-]-|-|7-]|- | 1IW, MB. 2 Dev, Ch, 
Mant. Dor. 3 Sus. 
Venus Goldfussi, Gein. -;-|-]2 -/{-|-]-]-|]-]-J]-]-|-]-]| 2 Dev. 
»  Yotomagensis, d'Orb. | ? 2 -}-}-]-}-]-]-]-|-]-]-]11W, MB. 2 Dor, Ch 
BRACHIOPODA. 
rope (see Cistella). 
Fab ronni,de Hag -|-}-|-|-]-|-}]-]-]-|r]7 11) - | -]14) 11 WK. 14 Tr. 
Crania cenomanensis,@'Orb. | * | 1) 2)-}-|-}-|=-] = 5 - 1 a rs ig 1IW. coher 
»  egnabergensis, Retz-|-|-]|]2]-|-]-}]-|7]8 10 2 Chl ee . ra ee 
common. 
“ yo. VBR eo -|-}-]-]-]-}-]-]-|]-]-]-]-]18] - | 18 sal, SD. 
‘ow. 
»  parisiensis, Defr. -|-|-|-]-}-]-]-|-| 8} 9 |10}12) 12) - | 14 6 80. wee com: 
Nor. 14 Tr. , t 
spinulosa, Nilss. -}-]-}-/]-]-[-]-]-]J-]-|-]-]-|]14| 42. 
Kingena lima, Defr.  - -{*la}2]}3]}4]—-}-]7] 8] - |10} 41] 12) 13) - rim penne 
Cam, He, Nor. 7 
Dev. 8 Bd. Lin. 10 
to 13 common. 
55 » Var. ener -/-}-]-]-]-]-]-]-]-]-|-]-]-]- | Chalk, Norwich. 
iana, d'Orb. 
»  sexradiata, Deslong | -| -}-|-|-]-]-]-|-|-|10]12]12]13] - | 10 sto He : au 
3 IW. : 
Lingula subovalis?, Dav. -|*}1]-|]-}]-]-]-]-]-]-]-|7-]-]-]4 MB. 14Tr. 
Lyra Meadi, Cumb. (see 
Terebrirostira).— eae 
Magas Geinitzi, Schloenb. -|-|2)3]4 -J-J-j-]- a a a 2 Dev. 3 IV he wie 
»  Ppumilus, Sow. - =| = ]2/4 =|s[el—|s 1 any Z eet 
13 common.14 Tr, 
Megathyris anak ie Cis- 
siepatecnn (ee, *)a}-]-]-]-]-]-|-]-]10]-|]-]-]-]1Cam. 10M. 
Rhynchonella Cuvieri, d'Or. -|-|]-|38]4]5})6)]7)8]/9]-|-|-]|-|-]|3 Norf. a aS 
passim. pass 
7 passim. 8 and9 
common. 
” y», round var.| - | - | - -|-|6]7]-]-]-]|-|-|-]|-] 6Nor. 7Do, He, Lin. 
dimidiata, Sow.) *} 1] 2 -|-|6]-]- -|-]J-|-]-]i1 ae aes Dev, 
ar 
6 Dev, ‘ 
” ” Uke *)ay2f-]-}-}-]-]-]-]y-]rdc-dcrd- ea 2 Dev, Chard 
vexa, Sow. 
» grasiana, d’Ord. }*}1}2}3/4/-]-]-|-|-]-]-]-]-|- 1 3, IW, Mi we 
ev, Char 
3 common. 4 F, 
‘ Cam, Nor. 
6 limbata, Schloth.| - | -|-]-|-|-]-]| 7] -]| 9 10/11] 12]13]24| 7 Do, Sus. 9Do, Sur, 
WE, Sus. 10 to 14 
common. . 
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Lower Midle 
Chalk. Chalk, Upper Chalk. 

cy A ats 

#| |#la Elg 

Oo] 3) 8)/3 st =] Pa Perr 
|E]8/ 312) |E/al | 2/8) Jel gi 
al aldlalsidiclz|2/z/2/8)8|8| 2 LOCALITIES 

SPECIES. F/2|2\</2 Blale|3/2| 8/2 §| 3/2] «vp Rewaras. 

Sle ele (SiS elsisl el sl el cya 
o o| ola] ss RIS) Sl sialsl/als 
alsalalg|/sislslsie Car s/2|2sle2 
S12 S1g Se see sle le 
g = gla] o}S}sloje Bis] ols ae 

S/E)2/8\eieieie}siela] a] ale 
i>) o1c 
BIS/AlS/S|SiSi[S[S[s/Sis/Sls]s 
*t1)2/38)/4/5/)6/71) 8] 9) 10) 11) 12/13] 14 

BRAOCHIOPODA—Cont. 
Rhynchonella lineolata, var.) - | 1|2]/38|]4]-|]-]-|-|-|]-|-]|-[12|-|1Cam,IW. 38, Do. 
ri, Dav. Sp, Hun. 4 Nor. 
13 SD. 

»  Mmantelliana,Sow.|*|1/2/3)]4]/-}6/-]-}-]-|-|-]|-]|- |1Cam,IW, MB. 2Dev. 

Dor. 3 and 4 passim. 
. 6 IW, Cam. 

a Martini, Mant. | *|}1)/2)3}4/-]-]-]-]-]-]-|- -|1Cam, 6,1W. 2WD. 
: 3 passim. 4 Do. 
Cam, Be, He, Nor. 
ny plicatilis, Sow.- | -|-]-]-]-]5]6]7]8]9]10]/11]12]13]14| 5 passim. 6 Ha, Sur, 
Dev. 8 to 13 com- 

2. mon. 14Tr. 

5 « Var. octopli- | -}|-|-|]-]|-]-]- |-] 8] 9 }10]11]12/13] - | Common in 8 to 13. 

cata, Sow. 

5 » var, Wood-|-/}-|]-|-]-|-]-]7]-]-]10/11] -]13]-| 7Do. 10S8al. 11Sal. 

wardi, Sow. 13 Nor. 

5 reedensis, Eth.| - | -|-}|-]-|-]|6]7]8]9]10]11/12]13] - | 6 Do, Ha. 7 Do, Ha, 
Sus, IW. 8 passim. 
9, 10, 11 frequent. 
12 Ha, Sus, IW, SD, 
Sal. 13 Sal, Nor. 

i sigma?, Schlen.| -|-|2]-}-]- |-]-]-|-|-]-]-]-]-]| 2 Dev. 

3 aia */-]213)/-|-]-]-]-]- -|-]-|-]2Dev. 3 frequent. 

Wieitt: duecst: - 2,/-|]-|-]6]/-];]-]-]-]-|]-|]-]-|2Dev. 6 Dev. 
Terebratula abrupta ? Tute|-|-]-|-]-]-]-]-|]8]-|]-]-1/-]-]-]| 8 Bk. 
- arcuata, Roem. | *| 1/2] 3 -|}6/-!|-]-]-]- -|-|1 MB. 2 Dev, Ch, 
WD, SD. 3 IW. 
26 Dev. (base). 

4 arenosa,@’Arch.|-|-|2]/-]-]-]-|]-j-]-]-|-]|-]-]|- | 2Dev. 

- biplicata, Sow. | */}1/2/3/4/5/6]/-]8]-|]-]-/- -| common. 2 passim. 
3 passim. 4 Cam, 
¥F, Nor. 5 He, Cam. 
6 Dev. 8 SD. 

‘i capillata, *)-}2]-J]-]-]-]-]-]-]-|]-/-]-]- |] 2 Dev. : 

d' Arch, 
” carnea, Sow. -|-|-~|-|-]-]-|-] 7] 8] 9]10)11/12/13/14| 71W, Sus. Common 
= from 8 to 14. 

% cuneata, Weatl. | -|-|-j|-|-|- -~|{-110/ -]}-|-]|-] 10Sal. 

5 obesa, Sow. -|*|-|2/8]/4]-]-]-]-]-]10] - | -]18]14] 2 Dev, Dor. 8 F, Sus, 
Sur, Wilts 4Nor. 

. 10 Ha,Sal. 13 Nor. 
; 14 Tr. 
* ovata, Sow. -|*/1}/2]/-]-]-]|-!}-]-]-|-]-|-]-]|-|11W. 2 Dev, Dor. 
. semiglobosa, -{1)/2;3;/4/5/]6]7] 8] 9 }10}11]12 - | Common from 1 to 9. 
Sow. 10 WK, Ha, Sus. 
11 WK, Ha. 12 
Ga, Sus, Sal, SD. 
# x» var. Car-}-|]-]-/?3}-]-]-]-]-]-]-j]-]-]-|]-]3Do. 
teri,Dav. 
a sexradiata, Sow 
(see Kingena). 
“a squamosa, -/1]/2;83)4]-]-]-]-]-]-]-]/-]-]-]1MB. 2 Dev, Ch, 
Mant. ‘ ‘i WD. 3 common. 
4 ¥, He, Cam, Sut, 
ss suleifera, Morris |-~|1/-/3/4]-]-|-]-|]-]-|]-|-]-]|-]|1Cam.__ 3 Cam, Is, 
Nor, Lin, Sp. 4He, 
Cam, Suf. 
aS torn acensis, -/{-/|2]/-|]-|]-|-|-}]-|]-]-]-]-|-]|- | 2 Dev. 
d' Arch. 
s Verneuili, -{[2/-]-|-]-]-|]-]-]-]-|]-]-|- | 2 Dev. 
@ Arch, 
6821, HH2 
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THE CRETACEOUS ROCKS OF BRITAIN. 
Lower Mid le} 
Chalk. Chalk Upper Chalk. 
6) é ‘ 
=| ala 5 q 
Oo] .| 38 g ‘a - Pe er ~ 
35 Ee ald 
2/3/8138] |elal |sl4] lela 
#/8|a|"|s|alelS| 4/2] | el/Sl els LOCALITIES 
SPECIES. E(S|2/a/Bl alse ele eiSigi sls 
5/2) 8)<4|/8)elsis/41e|5|a) 3) s]- AND REMARKS. 
Sle) ai3)2| Rela] = 2/8/58) co] 8/3 
Slg\elelslel2l2|s|slslalelels 
S/SlS\ S/R alB lala] sala laa lo 
BE| elg/ 2] 2/8 ]8] 8] 4/8] S/S] 318 
2)S/5 elelelsialslalslelala 
S o 
2/8 (8/6 /S (S818 /8(aiaisis/sis 
*{1)2)3]4[6[6|7| 8 | 9} 10] 11| 12) 13] 14 
BRACHIOPODA—Cont. 
Terebratella Menardi,Lam.|*|1|2{/-|-|-|-|-]-|-|]-|-]-|-]-]1De. 2Dev,ch ° 
” oblonga, Sow | -|-]|2]/-|-|-|-]-]-]-]-|-]-|-]|-] 2 Dev. 
pectita, Sow. |*11)2/-|-|]-|-]-|-|-]-|-])-|-]- | 11W,MB. 2Dev,Dor 
mevebbitation gracilis, -{-{-]-]-j-|-|-|-[-]-]-|]-]-|14| 14 Tr. 
Schlo 
vi Gisei, Hag. -|-|-|-|]-|-]-|-)-|-|]-]-]-|]-|-]14] 4. 
a nodulosa, th | - -|3/4 - ~|-|-|-|3 F, Cam. 4 Cam, 
Bur, Hun, Dev, Sp. 
ee lata, Eth. -|-|-|-]-|-|-|]6]7|8|9]-|-]-|-J|-| Common in 6 and 7. 
: 8Lin. 9 W. 
*f striata, Wahl. |*}1]?|3|4/5]6 ]7 ] 8] 9 |10]11112]13}14] Common throughout 
except in 2. 
‘a triangularis, | *}1]|-|3 | 4] - -|-|[-]-|-|-|-]-| 12 8, MB, Cam, Be. 
Eth. 3 ‘IW, Cam, Nor. 
Z 4 Nor. 
“ Rowei, -{-/-|]-]-]-]-]-]-|[-|-jJ11|12] -|- | 11 Mar, Sus, SD. 12 
Kitchin. “ ‘Sus, Sal, SD. 
Terebrirostra lyra, Sow. -}*|1])/2]/-|}-|-|]-{-]-]-]-|]-|]-}-]- 1MB. 2 Dev. 
Thecidium vermiculare, -|-|/-}-|-|!-|]-]-|]-]-|]-]J-]J-]J- 14| 14 Tr. 
Schloth. ; 
ae Wetherelli, ~l1}-}-|]-]-|]-|]-|]8] 9 }10/a1]12]/13] -—| 1 Cam. LC. Guild- 
Morris. ford and Pewsey. 8 
IW. 10 common. 
ll Ha, SD. 12 Ha, 
SD. .13 Sal. 
sp. a Pocs Pepe foals fe -{|-|-]-]-]|-]| 2 Dev. 
Trigonosemus elegans, -J-]-]-J-{]-]-]-]- -|-|-|- 13/14} 13 Nor. 14 Tr. 
Kenig. 
o incertus,Dav.| -|-|2]-|-|-]-|-|-]-|-|-]-]-]|-]| 2 Dev, ch. 
Pe pulchellus,- | -|-|-]-|-]-]-]-]-]-|-]-]-]-]14| 14 T. 
Nilss. 
BRYOZOA. 
Cyclostomata. 
a. (see A desia) ‘ 
ones (see Stomatopora). P 
Apsendesia ataslenigties, -{-}-};-]-]-]-]-]-]-]9]10]-|]-]-]- ] 9 Ct. 10 Mid. 
re q 
3 cg her -fed-]-]-)-]-]-[-]-|]-]-]-]22]-]-] 12Sal. 
i papyracea,d'Orb.| - | - | - | - -}-]-/-|9]-|-]-|]-|]-]9 c. 
” (Act.) Brongni- | - -|-|- -|-]-]-]-]- 14| 14 Tr. 
arti, Kdw. 
Atagma Lonsdalei, Greg. | - -|-|]-|]- - -|-jll - LC, Sussex. 11 Mar. 
(=A. papularia, 
Lons. non Mich) 
Berenicea acanthina, Greg.- -|-/-]-]-]-]-]-]-|]9]/10]-]-]-]-]9Ct. 10Ct. 
si Canni, Greg. =lelele=(elele[e) = [ole ea b= |=) <19 Ce 
ss clementina,d’ Ord. *fr}]-]}-}-]-];-]-]-]-]-]-]-]-]-]1 Cam 
is confluens, @oro.}*)4}-—-{-)—-|-]-]-]-|-]-]-]-]-]-|1 Cam. 
re congesta, Vine : 
non 4@’Orb. 
(see polystoma), 
” contracta, Seeley} *|1]-]-|-|-]-)-]-|-|]-]-]-|-j]-|1 Cam. 
» -disciformis, Hag. | - | - | - | - - -|-|9]-]-]-|13]14] 9 Ct. 18 Nor. 14 Tr. 
i echinata, @’ Orb (see 
B. papillosa). 
» gracilis, Bdw. -|-|)-|-]-]/-]-|-]-]-|9|10}-|-]-|]-]9Ct. 10ct 
‘i grandis,d’ Orb.(see 
R, papillosa).™ 
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dower nat Upper Chalk. 
eS a sl. 
a Bla : 5 q : 
Sis|S)a Bl. B ald 
1612] 8/2) lelal |gle] elas 
ate) a) 2/3) 4lla|eis| 8] sel sls LOCALITIES 
SPECIES. ElSl 2/4/43) 8lal8/8|3/8)e13|S/2] avo Remanns. 
SVE a S/S BS ele) elal esl 3 
Cy Sol olal]s im Silslalela]/s 
m CoRse F-8 oer ta] Cy 
ale 8a |2| alee (#| sla (4/ 2/8] 8 
lees elses sie ster ei sle 
g/2/2/8)38/2/8/2/ 2/8) 2)2( 8] 2 
S > < 
B18 /8/S/8/S[SiSiSlsl8]s/s[sls 
*}1]2]3]4|/5]6] 7] 8] 9] 10/11] 12] 13] 14 
BRYOZOA— Cont. i 
Cyclostomata.—Cont. 
Berenicea Hagenovi, Reuss |-|-}-|-}]-|]-|]-!-]-]9]/-|]-]|-]-]-]9 Ct 
non Vine. 
ss Hagenovi, Vine 
(see B. contracta). 
‘ hunstantonensts, iS 
Vine (see con- 
tracta). 
ey Jessoni, Vine -|*|1)]-]- -|-|-|-]9]-]-]-]-]-]1Cam. 9Ct. 
45 Jacrimopora, Nov.|-|-]-|]-|-|]-]-]-]-]®]-]-]-]-]14]9Ct. 14Tr. 
ee littoralis, d’Orb.- | -|-]|-]-]}-]-]-j}-]-]9]-]-]-]-]-]9 ct 
aa obelioides, Perg. 
(see B. lacri- 
mopora). 
ss oceanica, d’Orb. 
(see B. papil- 
losa). 
ss papillosa, Reuss} *}-|-}3]-]-]-]-|8]9]10]11]12/13] -|}3F. 80x. 9Ct. 10 
Ct, Sal, Sus. 11 Sal. 
12 Sal. 13 Sal, Nor. 
a papyracea, d'O7vb. | - | - | - | - - -/9]-]-]- -|9 Ct. 
ay phlyctzenosa, -|-]-]-]-]-]-]-]-] 9 |10 -|-]-]9Ct. 10 Ct, Sal. 
Reuss. 
#3 polystoma, Rem. | - -}-];-]-]-]-]-] 9 |10/11/12]/13] - | 9Ct. 10 to 13 Sal. 
regularis, @’Orb. -|} * | -|-|-]}-]-]-]- 9/-|/-|-|-|-]9Ct 
Bicavea dilatata, @’Orb, -|-|-|]- -[-j-|- -{10]-]-]-]|- | 10 Mid. 
Bidiastopora (see Elea). 
Biflustra carantina, d’Orb. - | - | - - -|-]8)-]-]-]-]-]-]|8Bd. 
Bitubigera cribriformis, | - |--|-|-|-}-|-|-]-|]9]-]-|-]-]-]9 Ct. 
Vine. 
Cavaria ramosa,Hag.- -|-|-|-/-/-|-]-]-]-]9]-|]1l]12]-] - _ 
Cavarinella (see Cavaria). 
Cellulipora ornata, d’Orb. -|-|-|2]-]-|-|-j)-]-]-]-|-j|-|-]-] 2 Dev. 
Ceriopora ramulosa, Mich. |-|-|2]-]|-|-|-1{-|-]|-|10}11]/12]-|-|2 Dev. 10 Ha, Iw. 
1lHa. 12 Ha, IW. 
as spongites? Goldf.|-/|-|-|-]|-/|-|-]-]-]9]-|]-]J-|-]-]9¢ct 
Claviclausa clava (see Clausa a 
heteropora). 
Clausa francquana, d’Orb.- |-|-}-!-]-|-]-]-|-]9]10]-|-]|-]-|l9ct. 10ct. 
»  globulosa, d’Orb. -f-]-}-]-]-]-]- — 1910} - {12)13] -| 9 Ct, Dev. 10 Sur, 
IW. 12 Sal. 13 Sal. 
»  heteropora, d’Orb -!-]-j;-]-]-]-]-]-] 9 ]10}11]12]-|-]|9Ct. 10 Mid. 11Ha 
12 Ha. 
»  irregularis, d’Orb. -~|-]-}]-]-)]-|-]-]-]-]-]- [12] - [14] leteropora — crassa 
Hag.) 128al. 14 Tr. 
»  micropora, d'Orb. (see 
heteropora). 
» obliqua, dOrb. (see 
heteropora). 
»  variabilis, d’ Orb. -J-1}-]-]-]-]-]-]-]-19]-]-]-]-|-]9 ce 
Wrighti, Greg. - -|J-}-y7-]-]-]-]-]-]-]10)-]-]-]-] 10 ct. 
Clinopora costulata, Marss.|-|-|-|-]-|-]-{|-]-]9]-]-]12|-]-]9Ct. 12Sal. 
e pra fie oar td -}-]-]-]-]-]-]-]-]-]J9]-[|-]-]|-]-]9 ct. 
3 spinigera, ge -|-]-]-]-]-]-]-]-]-]-|]-]-]- | -| Charing detritus. 
». + Striatopora, Vine |-|1/-|-|]-|-]-]-]-]-|]-|]-]-]-]-]1Cam. 
Clypeina tubeformis, Lonsd. |} -|-}-}-|-]-]-|-]-|-]-]|-]-]|-]-]| UG. Dover. 
Crisina cenomana, d’Orb, --|-|1]-|-|-|]-]-|-]|-]|9]10}-|-]-|-|9Ct. 10 Kent. 
» elegans, Ord. (see 
unipora). 
»  Gamblei, Greg. -J-}-J-]-}]-]-|]-1|-]-1]9]-]-]-]-]-]| 9 ct. 
55 _marginata, d'Orb. - -|- -|-]-]-|-] 9 |10 9Ct. 10 WK 
p ‘acea (see Rete- 
crisina). 
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Lower Mid’le ‘ 
Chalk. Chalk, Upper Chalk. 


= Chloritic Marl (Stauronema) 


LOOALITIES 


SPECIES., AND REMARKS 


* Found in Selbornian. 
to Devon Cenomanian, &c. 

o> Chalk Zone of Am. varians. 
» Zone of Hol. subglobosus. 
om Zone of Act. plenus. 

@ Zone of Rhynch. Cuvieri. 
~x Zone of Terebratulina. 


© Z. of Mic. cortestudinarium. 
5 Zone of Mic. coranguinum. 


o Zone of Hol. planus. 

fk Zone of Marsupites. 

ft Zone of Act. quadratus. 
& Zone of Bel. mucronata. 
= Zone of Ostrea lunata. 


BRYOZOA—Cont. 
Cyclostomata—Cont. 


Crisina subgracilis,@’Orb. -|-|-|-|-|-|-|-|-]- 
»» unipora, d'Orb.- -J-|-]-]-]-]- 10) -|-|-]-|9Ct. 10 Ct. 
Desmepora semicylindrica, | * |-|-|-|-|-|-]-|8 -|- |12|-|-]| 8 Do, WK. Dev. 9 Ct. 
Lonsd. Sur. 12 Sal. 
Diastopora auricularis, -|-|-|-}-]-]-]-]-]9]-|-]-]-|-] 9 4. 
da Orb. i 
»  escharoides, Mich.) *}1]-]-]-|-]-|-]-]9]-]-|-|-]-]1MB. 9 Ct. 
a megapora ,@Ord. 
(see tubulosa). 
ni mutata, Perg. -|-|-]-]-|-]-]-|-}]-|9]-|]-]-]-|]-|9 & 
on oceania (see 
Bepeeeey 
si papy raced, d'Or" 
(see mutata). 
- Sow erbyi, Lonsd. |-|-]-|-|-|-]-|-]-|9]10]-|-|-|-|9Sur. 10 Sur. 
ae tubulus, d'Orb. 
(see escharoides). 
iy tubulosa, d'Orb. |} -|-|-]-]-]-}-]-]-]9}-|-|-j-]-]9 & 
i (see also Bere- 
nicea). 
Discosparsa simplex, d'Orb. 
Domopora clavula, @'O7b.  - 
Elea lamellosa, d'Orb. . - 


1o]-|-|-|-]|9Ct. 10Ct, Mia. 


i) 

1 

1 
moo 


9 Ct. 

9Ct. 10 Mid. 
9 Ct. 

11 Sus. 


Ib 
i ae ae 
Ue ae ee | 
a oe ae 
ttad 
Ltask 
et tl 
i re 
ee ae 
oun 

S 

! 
ried 
ee es 
ie ee ae 


» 8D.- Z : = * 
Entalophora alternata,d'Orb. 
(see E. virgula). 
»  cenomanda, d'Orb, 
(see Spiropora). 
ie clavata, d' Orb.(see 
E. echinata). 
a cretacea, @'Orb. - 
»  echinata, Reuss - 
a Gamblei, Greg. - 
» geminata, Hag. - 
93 gigantopora, Vine 
»  horrida,@Orb. - 
»  Unearis,d Ord.(see 
E. echinata). 
is madreporacea, -|-}-|-]-|-]-]-]-]9]-]-|-]- [14] 9Ct. 14 Tr. 


Goldf. 

»  obliquir, d’Orb.(see 
Clausa _heter- 
opora). 

- Pergensi, Greg. -|-|-]-]-|-]-]-]-]-]9]10]|-|-]-]-]9Ct 10ct. 

»  proboscidea, Kdw. 
(see virgula). 

i ramosissima,d'Orb.| * | - |-}]-|-|-|]-]-]|-]|9]10) -]121-]- 9 Sus. 10 Sus. 12 Sal. 
»  raripora d’Orb (see 
virgula) 
iy santonensis,d Orb. 
(see virgula). 

53 subgracilis, d’Orb. 
(see virgula). 

»  subregularis,d Orb. 
(see madrepora- 
cea, 

»  variegata, dOrb. 
(see virgula). 

»  Virgula,Hag. - 


9 Ct. 
8Bd. 9Ct. 10Mid. 
Ct. 


9 Ct. 

8Bd. 9Ct. 
1Cam. 3 Kent. 
9 Ct. 


poets 
Li ee Ft 
torrid 
prerus 
rerun 
prrana 
Cates 
t1@1 ot 
oI1ooes 
rrrist 
peeudd 
petrat 
ee 
Parize¢ 


Peairdd 


*ly]-]-]-]-{-]-}8] 9110] - |12]18]14]1Cam. 8 Bd, 9 Ct. 
10 Sur, Mid. 12 
Sal. 13 Nor. 14 Tr. 


GENERAL LIST OF FOSSILS. 487 
Lower Mid'le 
Chalk, Chalk, Upper Chalk. 
3 a . 
a! |dlal |, 3/8 
Bi. q d = ots 
J2/S]518) (Elal (3 a\_lgidls 
8/2] 2] alS) l8la|2ls|eig/elels LOcaLItres 
SPECIES. B/S 21 4/3) 8) al8/8/8/ 8/8) 3] 8/5) avn Remarns 
2la}s|3]2|= 2 B/E) 2/5) 2) sa) 3 
3148/1 S| oldla ela] eis wlals 
mR SI(Sl/a}o}] Of] O]% Slo] RB 
HABE a lecieeinit 
3/2/SISisisislslslsislslslsis 
5 SISlSlelelolelojH|e}e}/o/ojo 
5 A 6/S/818/8)—|8/8| 8/8] 8 
Bl8(alsislsisisisislsisisisis 
*]1) 2/3] 4)5]6| 7] 8] 9/10/11) 12) 13} 14 
BRYOZOA—Cont. 
Cyclostomata—Cont. 
Epidictyon plumatus, Lonsd. 
see Siphonio- 
yphlus) 
tenue, Hag. -{-)-|-]-}]-]-[-]-]-]9]-]-]-|]-]-] 9 ct. 
Fasciculipora cretacea, @oOrv.) -|}-|-]-|]-|]-]-|-]-|9]-}-]-]-]-|]9 Ct Dev 
reticulata, @ Orb. | -|}-]}]-}-}]-|-]-]-]-]9]-]-]-]-]-] 9 Ct 
Filisparsa ornata, Reuss -|-|1|]-|]-|-|]-|]-|]-{-]-]-]-|-]-]-]|1 Cam. 
5 reticulata, d’ Orb.- -|-j-]-j}-]-]-]-]-]9]-]-]-]-]-] 9 Ct 
Foricula aspera, d’Orb. -}-]}-]-]-]-1-]-]}-]-]9]-]-]-]-]-]9 ct. 
Hammia pustulosa, Goldf.-|*|]-|-|-|-]-]-|-]-]-]-jJl}-]-]- | 11 8us 
Heteropora (see Clausa and 
Sparsicavea). 
Homeosolen aculeatus, -|-|-|-|- -|-|}-]-]|9]-|]-]-]-]-| (Truncatula.) 
»  alternatus,@’Orb. | -}-]|-]-}-]-]-]-]-]9]-]-]-]-]-] Do. 
ai carinatus, a’Orb. |} -|-|-]-|-|-]-]-]-]9]-|-]-]-]-] Do. 
‘a ramulosus, Lonsd.}| - | - | -|-}|-]-|{-]|-]| 8] 9 ]10)-|-]-]|-]| 98us, Dev. 10 Mid. 
sp. - ef -]-]-]-}-]-]-]-]}-]9]1o}-}-]-]- — 
Hornela carinata, Reuss -|-|-|-|-]-|-]-]-]-]-]-]-|-]-]|-] Chalk detritus. 
Idmonea alipes, Greg. - -}-y-]-}-]-]-]-]-]-]9]-}-]-]-]-] 9 Ct 
Ba cenomana, d@’Orb. -}-|1]-|}-j]-]-|-]-]-]9]-]-|]-]-]-] 9 Ct. 
» cristata, Meun. ¢|-|-|-|-|-|-|-|-]-]9}-]-]|-]| -]-]9 ct 
Perg. 
»  subcylindrica 
- - -|-J]-]- 9}/-j;-]|-]|- 9 Sus. 
»  triangularis (see 
cenomana; sce 
alsoRetecavea). 
Inversaria laminata, Greg. -J-}-]-]-}-]-]-]-]-]- -|-|-]- | Lansdown, Keni. 
tuberosa, d’ Orb. -{-J-]-]-]-]-]-]-]-]- - {18 13 8D. 
Laterotubigera (see Spiro- 
pora.) 
Lichenopora irregularis, -}-{-}-]-]-]-1-]-]-]9]}-[]-]|-]-]-] 9 Ct 
d@ Orb. 
urnula, @Orb. | - | -}|-] -] - -|-|]-|9]-]-]-]-|-] [Bicavea.) 9 Ct. 
Marginaria Romeri, Lonsd. |-}|-|-}-|-]-|-]-|]-|- Ut) feel = Mar. 
Meliceritites angulosa, d’Orb -|-]- md ene eed (ee -|-|-]14| 14 Tr. 
é _ Dollfussi, Perg.- | - | - | - | - -/-|]-]-]9]- -|-|]- {9 Ct. 
eo gracilis, Marss. 
(see M. angulosa). 
Lonsdalei, Greg. | - | -~|-|-|-|]-]|-]|-]| 8] 9]10]11]12] -| -| 8 Do. 9.Ct 10Sur. 11 
x Mar. 12S8al. 
5 parviarmata, -}-]-/]-]-}-]-]-]-]9]-]-]-|-|]-] 9 ct. 
Gr 
a propinqua -}-]-]-]-}-]-]-]-|]9]-|]-]-]-]-] 9 ct 
arss. 
‘ semiluna, d’Orb. | - | - | - - -|-]9 -|-|]-|-]9 Ct. 
35 semiclausa,Mich.| ~- | 1 | - | - -|-]-|]-]9]- ]-]12]18] - ee ea 12 Sal. 
undata, d'Orb. -}-/}-]-]-]-]-]-]-]-]9}40]-]-]-]-] 9Ct 10Ct. 
Multinodelea tuberosa (see 
Inversaria) 
Nodelea durobrivensis, -}-|-]-]-|- -{-|9}1l0o] -|-]18)-]9Cc. 10Ct. 15Sal. 
reg. 
Petalopora costata, d’Orb. -|}-!-)]-/-]-|/-]-]-]9 ]10 ~/|-|-|9Ct. 10 Ct. 
ulch elia, Zoned. *)-}-]-]-]-]-]-]-]9]-1-]-]-]|-] 9 Ct, Sus. 
Proboscina alternata, d' Orb. -|-|-]-]-]-]-]-]-[]9]-]-]-]-]-] 9 Ct 
5 angustata, d’Orb. | *|1|-|-|-]-|-]|-|-]9]10)11}-|-|-]|1 Cam. 9 Ct. 10 Sur. 
11 Mar. 
- anomala, Reuss -|-|-]-|-|]-|-}-]|-]|-| 9 jo] - |12 - ee 10 Ct, EK. 12 
al. 
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Lower 
Chalk. eel Upper Chalk. 
Cy ry 4 
q | as gig 
j3lsl/8/3] 4 g la 
21S] 313] [2/4 AE #4]. 
#/2a/513|/all4| a/s| Sig lei els LocaLrnre: 
SPECIES. #(/2| 8/3 a(°l3 3 a/S/4/8| 4 tg 
Pe Pe &/S)s|S] asp ReMacus. 
2 g | glale B| Ale 8 2 ols] ¢ 
oO ro} alas = ; sfie | & 
n Sio(sisa S/Sisisie#i[als 
Slelale|si2le lela] s/s /a/</a1s 
slelglalslsee ciel eleisisls 
S/2)2/8/2/212/2|51 8/81 81218 
|e: o|.4 ag|a]a 
&/8/8/S/8/8/8/8(8isl8/S/8/s]s 
* 11/2/38) 4)616)] 7] 8 | 9 | 10) 11) 12) 13/14 

BRYOZOA—cont. 

Cyclostomata.—Cont. 

Proboscina bohemica, Novak | *|-|-|-|-|-|-|-]-|9}-]|- [12] -|-]| 9 Ct 12 Sal. 

PA cornucopise,d’Orb.|-|-|-|-]-]-}~-]-}-]9]}-|-]-]-|-19 Ct. 

"3 crassa, var. fran-|-]-|-|-]-|-|-|-]-}9|-|]-]- 9 Ct. 

corum, Perg. 

‘i » var, elevata,|-}-|-]-|-|-]-|-}-]9l-|-tr pr do 9 Ct. 

Greg. 

= » var. alectodes, | -|-|]-|-}-]|-|-] 7-7 9}10);-|-|-]-]9Ct. 108us. 

ail ae ; 

o atata, var. 

cantabrigiensis, 
Vine (see hun- 
stantonensis). 

i elevata, dOrb. -|}-|/-}-|-]-]-]-J}-f-]9lodr- dcdcdc 9 Ct. 

# fasciculata,Reuss|-|-|-|-|-|]-|-|-|-|]9]20]-j-[-]- 9Ct. 10 Sus. 

i flexuosa, Vine -]-)-|-J]-[|-dc-] oder] spcd 12) -|-|128a 

33 gigautopora,Vine|]*}1]-|-}-]-}-|-][7 9 | -j - 412]13] - ey 12 Sal. 

al. 

‘i hunstantonensis, | *|1]-|-|-|-|-}-]-}o}r]ryrpcde 1 Cam. 

ane. 

i marginata,d@'Orb.]-|-|-|]-|-]-|-]ry7tyr ytd s 12| - | - | Sal. 

3 parasitica, Hag |-|-|-|-|-|-|}7)7]7 9)-|-|-|-|-]| 9 Ct 

* eas ~|-}]-]-]-|-]-|-|-]9]20l-]-]-]- | 9Ct 10 Kent. 

ie ramosa, Edw. -|*|-|]-|-]-|-|-|-]8]9 10|11|12|13}14| 8 Ox: 9 Ct, Sur, Sus, 

BK. 10 He. WK. 
11 Mar. 12 Sus. 
13 Sal. 14 Tr, 
- rugosa, d' Orb. (see 
P. augustata) 
a sarthacensis,Perg.)-|-|-|-}-|-|-|7|7 9}/-|-]-|-]- Ct. 
- Wetherelli,Morris|-|-|-|-|)-|]-|-|-}-]{r-|-]r]crdcd7 Diastopora Wetherellr 
(see P. ramosa). Lonsd. 
Pustulipora pustulosa, Goldf. f 
(see Hammia). 
iy pustulosa, 
. (see 
Meliceritites 
Lonsdalei). 
Radiopora tuberculata -l1/—-|-]-1-]-]-}-1-|-]-|-]-]-|]4MB. 

ai ornata, d'Orb. ~l|ifel-]-}]-]-]-]-]-|-1-]-|-|[- | 2 Dev 

Reptelea lJamellosa, d’Orb. 
(see R. parasitica). 

8 oceanid’Orb. -}]-|-|-|-]-|7]-]-]- Jr} -|r7 tr tc] 78D. 

3 parasitica, Hag. |-|-|-{-|]-|}-]|-i-[7 9|-|-|]-]-|-]| 9 Ct. 
Reptoceritites Rowei, Greg. |] -|-|-|-|]-]-|-]|-]7 9|-|-]-|-j|-] 9 Ct. 
Reptowulticava collis, Vine. 

i (seeBerenicea es 
y confluens). cat 

a favus, Seeley. }-|1}-|-|-|-|-]- -|-|-]-|]-]-] 1 Cam. 

a flabellum, -}-]-|]*#]-]-]-]- 9 -~|-]|-|- | 9 Ct (teste Gamble). 

adoro. 

Be irregularis, -|-}_-]-|-]-|-]-]-]9]-]-|-]|-]-| 9c Do. 

d'Oro. 

» mammilla, elo]oleled-|-1-|-19]<«]-[-]=]<19 Gb 

d’Orb. 
3 mammillata, |-}|-|-]-|-|-]-|-|-|]9]-|-]-]-/7 9 Ct. 
: @ Orb. of 

re simplex,d’Orb.| *}-|-}-]-|~]-]7]7 9|-|-|-|-|- | 9 Ct. (teste Gamble). 

” radiata, Vine. }|-|1]-|-|-]-|-|-]-]-|-}c-]-]-]- 1 Cam. 
Reptomulticlausa papularis, -!-Je]-]-J-}-]-]-]-1-]-]-]-]-| 2 Dev. 

Mich. 
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SPECIES. 


Lower 
Chalk. 


Mid'le 
Chalk. 


Upper 


Chalk. 


* Found in Selbornian. 
 Chloritic Marl (Stauronema)| 


ew Chalk Zone of Am. varians. 
» Zone of Hol. subglobosus. 


ox Zone of Act. plenus. 


wy Devon Cenomanian, &c. 


o@ Zone of Rhynch., Cuvieri. 
~ Zone of Terebratulina. 


o Zone of Hol. planus. 


wo Z. of Mic. cortestudinarium | 
5 Zone of Mic. coranguinum. 


t Zone of Marsupites. 


tS Zone of Act. quadratus. 
§ Zone of Bel. Mucronata. 


= Zone of Ostrea lunata. 


LOCALITIES 
AND REMARKS, 


BRYOZOA - Cont. 
Cyclostomata—Cont. 


Reptomultisparsa congesta, 
Reuss. 

ay Secunda, Vine. 

(see congesta). 

iy TESEMIEDUES, 


” Rowei, Greg. - 


Sowerbyi,Lonsd. 


Reytotubigera (see Pro- 
boscina). 
1% ramosa, d’ Orb. 
(see Prob. radio- 
litorum). 
3 ramosa, Vine. 
(see Prob. cor- 
nucopie). 
a serpens, d’ Orb. 
(see Prob. radio- 
itorum). 
Retecavea communis d’Orb. 
(:ee R. cretacea)- 
Er cretacea, Edw. 
33 pseudodisticha, 


ag. 
Retecrisiva obliqua, @Ore.- 
” papyracea, 
d' Orb 


Reticulipora complanata, 
Marss. (see 

Reticrisina 

papyracea). 
‘ contingens, 
blique tO hs 
” al eles TO. 

(see Rete- 
crisina). 


(see 
Retecrisina). 


Semicea (see Reptelea). - 
Semicytis ? disparilis, d’Orb. 
38 fenestrata, d’Orb. 
rugosa, d’ Orb. - 
Semielea Reussi, Perg. - 
Semimulticava meudo- 
nensis,'d'O7b. 
Semimultelea gradata, 
d'Orb. 


Siphoniotyphlus plumatus, 
Lonsd. 
tenuis, Greg. 
Sparsicavea carantina, ‘d’ Orb. 
3 tramegana, a’ Orb. 
gee carantina). 
» reticulata, Marss. 
»  Wrighti, Gre - 
Spiropora cenomant, ae "Ord. 
(see macropora). 
” macropora, d' Orb. 
var. Fesgoni, | 
Vine 


n ” 


ine. 


fo 


ee Mk 
i oe fo 
rarest 


ED 42 
Pree 
fit £2 


oo 


oo oO! 


10 


10 


bob ee 4 


Be Ae 


12 


13 


13 


13 


14 


ay 
a 


1Cam. 10 8ur, 


1 MB, Cam. 


9 Ct, Sus. 
9 Sur. 10 Sus, 


12 Ha. 13 SD. 14 Tr. 
9Ct. 10Ct. 


9 Ct, 


Sus 
sIw. 9 Ct: 10 Ct. 


10 Sur, Sus. 13 Nor. 


9 Ct. 

1Cam. 9Ct. 12 Sal. 
13 Sal. 

9 Ct. 14 Tr. 

9 Ct. 12 He. 


14 Tr. 
?10 Sur. 


ae 10 Ct. 13 SD. 
Cam. 
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Lower Mid'le| 
Chalk. Chalk, Upper Chalk. 
eS A dl. 
q Ala r B|é 
els/sl2| [gle a) l|al/4|. 
REBAR ABEIEABEE LocaLrrres 
mISlaiagle ols a|2 olg 
eras 5 ae | 2 S/als| a ¥ 5 Ale S/2] awp Remangs. 
25/8/25 2/*/ 2/8/22] o| 2] e/4/ 8 
D Slold}s BIiSsl S| sl ale/als 
nD o al oO, ole + 
alslelel=lla(@ (=| 3/2 /4| 2 (ae 
ABBA 
3135 alalela/alels/al/slala 
5 
KlS(A(81siS(s[Sisisls(sisisis 
*}1]2]3).4) 5/6] 7| 8] 9 [10/11] 12) 13} 14 
BRYOZOA—Cont. 
Cyclostomata—Cont. 
Spiropora macropora vee -{1j)-|]-]-|]-]-{-]-|9]}-]-|]-|-]-|1MB. 
micropora, Vine 
A verticillata, Bele iaieie oii 9 |10| - | - }18)14) oct. 10 ct. 18 Sus 
old f. 4Tr. 
Stomatopora aan *)-|-]-|-]-]-]|-]-| 9 |10}11/12)13| -| 9 i tet ott 
al. al. 
» —calgpeo rh|-|-)-]-{-]-]=-]-[-[9}=]-]-]o|c] gee 
allica, -|-|-|-]-]-}- ]-]- -|-]-|-[- 
= Sraciits Edw. |*}-|-|]-]-]-]-|-]-] 9 |10}12] 12) 13] - Ge Sues a sur, 
al, 
13 Nor. 
3 graciliformis, | - 
Vine, i li 
anulata, 
“i Sau) a/ij-]-}-]-]-] -| 8] 9 }10)11)12/13)14 Ve, Cana. 8 Ox. 
Edw. 9 Ct. 10 common. 
an linearis, d’ Orb. 11 Sal. 12 Sus, Sal. 
(see granu- - 18 Nor. 14 Tr. 
Jata.) 
s longiscata, @’Orb. 
(see gracilis). 
ra pedicellata, 
Marss. (see 
gracilis). 
i ramea, Lonsd. 
(see granu- 
lata). 
A ramea, Blainv. 
_(see Probos- 
cina ramosa). 
i ramet, Lise i 7 
gracilis 
oF apices, Greg-= |) |= 1=|=1" |=] 12/8 | S)=) 2) = (eer 
Sulcocava costulata, Marss.|-|-|-|-|-|-1-|-]-]-{-|-|-| 7 [44] 422 
a cristata, d’Orb. - -|-|-]-|-]-]-]-]-]9}-]-|-]-]-| 9c 
i gracilis, d’Orb. -|-|-|-]->|-}-]-|-]-}9%]- |r rpc] 9 Ct. 
ai sulcata, Vine non 
d'Oro, eee 
cristata). ; 
Truncatula alternata, d’Orb.| - | -|-|-|-]}-]-|-]-]|9}101-]-|-] 7] 9Sur 10 Mid 
i subpinnata, -{|-)-|-]-]-]-[-|]-]9]}-[-]-]-]-] 9c 
tetragona, d’ Ord. -|-|-]-]-]-1-]-]-]9]-|-|]-]-|-] 9c 
Tubulipora chathamensis, |- | -}|-|-]-|-]-]-]-|]9]}]-]-|]-}]-|-] 9c 
Vine. 
Unitubigera (sce Berenicea). 
Cheilostomata. 
Cellaria cactiformis, @’Orb |-|-|-}-]-|-]-]-]-]-1-]-| -]18] - | 18 8al 
jnssqualig Oem: -j}-]-J-]-J-]-|]-]-]8]- a -|-]-]- oe, 
lina brevis, d'Or -}|}-]-]-J]-]-y-d]-]-]- -|-|-|- 
uiBritin flabellata, d'Orb. ~|-]-]-]-]-]-]-]-|-] - ]a[12]13] - | 11 Sal. 128.1. 138al 
a fragilis, @Orb. -|-|-|-|-|-|-]-]-|-]9|-|-]-|]-]-] 9c 
»  horrida, @Orb. -|-|-]-|-}-}-]-]-]-]-]p-]-]-d- 10 Sal. 
a linearis, Vine -|/-|-|]-]-|~ -{-!}-/-|]9]-}-|]-]-|]-]|9 Ct 
- eee -}-]-[-|-]-}-]-]- 3 -|}-]-]-]- eee 
ogee sors. [21-221 =f = 212 [2] 9]2 filial [5] ect ase. 12s. 
” pygma, ¢ 5 ; 
ie ea et ant fal fo fod alo fale Bee 
sp. -J-{-{-[-!'-!-[-]-]-]-]-]- -|- g 
Coscinupleura elegans,Hag.|-|-|~-{-,-|-{-}-1-}- ]-[-'-[- [14] 1¢tr. 
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8 
edd ao Upper Chalk. 
FRE 
st is 
Ble aa 5|2 ‘ 
2islSi8] 1% B| 2 a| 
(/®/2/2| (ela|/2/8)_/2lls 
8/2) 2/2(S|4/5/4| 4/3] 22/8] le LOoALATIES 
SPECIES. ale alae /8/ei/8i sai 8/2/8|S)2] an Remarus. 
2/c aia] 2| = S| = plols slais 
SSS SlalslElelalslslglele|s 
#(s/8| 8/5 /</Bla/els/alal</a/s 
ZB] alSiS/SlSisjsisislsisjsjs 
2{<|2|4/2/8)3/3/ 3/3/83] | 2183 
o a . 
2/3/8/8|/S8|8/8/8|S|sis|s/sisis 
*11)213)]4)5)]6)7) 8) 9410/11) 12] 18] 14 
BRYOZOA—Cont. 
Cheilostomata—Cont. 
Defrancia Brongniarti,Edw. | -|-|-|-|-]-|-|-]-]-]-]-]-]-]14] 14 Tr. 
Eudesi, @ord. -|-|-|2}-]-}-}-]-]-]-]-]-]-]-]- 2 Dev. 
Discocytis Eudesi,@ Ord. -|-|-|-|]-]-]-]-]-|]-|]9]-]-]-|-|-]|9 ce 
Discoflustrellaria ne -|}-]-}-]-{]-]-]-]-]-]-]11]12]} -]- |} 11Sal 12 Sal. 
a Ne 
$5: clypeiformis -}-)}-}-]-]-]-]-]-|]9]-]-]-f-]-]9 ct 
Eschara Aceste, d’Orb. -}-}-]- -}-]-]-]-]-]-]- [12] -]-] 12 Sus, 
44 Acis, d’ -|-]-]- -|-]-]7]8/9]-]-]12] -|14] 7 Dev. 8 Do, Dev. 9 
Do, Sus. 12 Sus, 
Sal. 14 Tr. 
* cancellata, Goldf.-|-|-|-|]-]-]-|-]-|]-|-]10]-]-]-]-]| 10 WK. 
$i Claudia, d'Orb. -}-]-J-}-T-]-]-]-P-]9}-]-]-]-]-] 9 ce 
»  Cleon,@Orb.- -|{-|-|-[-]-]-]-]-]-{9]-]-|]-]-]-|]9 ct 
» Clio, d'Or. - = -}-|-/-|-]-]-]-}-]-]9]-]-]-]-]-] 9 ct. 
s Cybele, d' Ord. -f-}-;-}-]-]-]-]-]-]91-]-]-]-]-] 9 Ce. 
a5 cyprea d'Orb. -}-]-]-]-]-]-]-]-]-]-] +} - [12/13] -|128al. 18 Sal. 
Ai Danaé, d' Orb. - -J-|]-;-]-]-]-]-]-}-]9]-]-]12/18] -] 9 Ct. 12 Sal, Sus. 
13 Sal 
‘i delarneana, d’Orb. | -|-|-]-|-|-]-]-]-|]-]-]-|12] -]-| 12 Sal. 
»  Gisticha,Goldf, .|/-|-|-]|-|-|-]-]-]-|-|10}-|-]-]|-|10 WK. 
»  galeata, Hag.- -f-J-]-7~-}-]-]-]-]-]-[/-]-]-]- [14] 147r. 
»  Lamarcki,Hag. -|-|-{|-}-|-|-]-]7]-|]-]-]-]-|-|-] 7 Dev. 
iy Lonsdalei, Edw. -|-{-]-]-]-]-]-]-J-}]-f-]-]-]-]- -_ 
»  neustriaca, Mich.-|-|-|2|/~|-]-|]-|-|-]-]-]-|-]-|-] 2 Dev. 
»  pyriformis, Goldf. -|-|-|-|-]-|]-]|-|-|-]-]10]-]-]|-]-]| 10 WK. 
»  Timosa, Marss. -;-}-]-]-1-]-]-]-]-]-]- ]11]12]18] - | 11-13 Sal 
x» Yoyana, d’Orb. -J-]-]-]-]J-]-]-7-]8]-]-]-|]-|]-]-]8Ba 
» sexangularis, M.Edw.|-|-|-{-|-{/-]-]-|]-/9]-|]-|-|]-|]-|]9 ct 
Escharina inelegans Lonsd.- -j}-}- T-1]-]-]J]-{]-]8]-]10] -|12)/-]-]|8 BP ” 10 Sus. 12 
, Sus. 
Escharinella baculina, @’O7b.| -| + }|-|-}-|-]|-[-|s]-|-]-]-|]-]- 
Flustrellaria{seeOnychocella) 
Hippothoa (see Membrani- 
pora). 
Homolostega anne Hag.-|-|}-|-]-|-|-|]-|]-]-|-]-]-|-]-]14] 14 ur. 
* nonn: 1 “t-l-]-]-~;-]-}-]-]-]-]-]-]-]-]14] 47. 
- pavonia, -[-J-]-]-]-]-]-]- fF] -]-] - |18]14] 13 Nor. 14 Tr. 
é vespertilio, ag.-}-|-}-|-}-]-|-]- -|-|]-|18}14] 13Nor. 14 Tr. 
Lunulites cretaceus, Defer. -|-]-]J-}-]-]-]-]- | 9/10] - [12/13] 14] 9Ct.10Ha, Iw. 12 Ha 
5 Sal. 13Sal. 14 7r. 
rosaceus,@'Orb. -/|-|-|-|-|-]-|-|-}-|-|]-]- ]12] -|-| 12Sal. 
Membranipora Argus, @Orb.|}-|-|}-}-]-}-]-]-{-/9]-]-|]-|]-]-] 9 Ct. 
os arborea, d’Orb.| - | -|-|-j-]-|-[-]-]|-{10] -|12] - Caen), 10EK. 
BK. 12 Sus. 
% clathrata, -{-|-]-]-]-]-]-]-]-]-]-]12] -]- | 12Sal 
Reuss. 
i confusa,d@'Orb.| - -{-]-|-]-]j- 9}-|]-]-|-]-]| 9. Ct. 
s dispersa -]-}]-]-]-]-]-]-]-]9]-]-|12] - |14]} (Hippothoa). 9 Ct. 
arss. 12 Sal 14 Tr. 
8 dumerilla,var.|-|1]/-|-|-]-|]-]-]-|]-]- -]/-]-]1Cam. 
$ elegans,d'Orb.|-|-|-~|-|]-|-]-]-|-|9]-]-]|-]|-]|- | (dippothea). 9 Ct. 
a elliptica, Hag.) -|-}-|-|-}-|-]-]-]9]-]11]12/13]-]9Ct. 11-18 Sal. 
” granulosa, j|-|-|-|-]-|-]-]-]-|]9]-]-]-|]-|-| 9 ct 
Bie Ct Sal 
ms irre; i -|-]-]-]-[-]-]-|]-|]9]10] -]-]-|-] 9 Ct. 10Sal. 
@Orb : 
‘5 marginata, ; -!-]-/-/]-/-/]-]-]-lo]-]-[|-]-]-1]9 ct 
rd. 
ton megapora, -!}-]-]-]-]-]-]-]-]9}-]-]-]-]-] 9 ct 
rd, 
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OF BRITAIN 


THE CRETACEOUS ROCKS 
Lower Mid’ 
Chalk. ate | Upper Chalk. 
g a a2 
a] 5/3/4| |e Biel Vale 
BISla] a 2]. FI a] 
alSlzlsis |e 5 4 Blai¢ 
a3 g| |] 4/8 4 d\3/2/a/Bi Sia LOGALITIES 
SPECIES. E(S/8)d|=le/S/21 212) 2/8/38] 818 : 
S/S 8 4 /slelsls)/s)e| Sis) 5] s)/4] AnD Remarks. 
2 gla/s/2|ae8 BIAS o/s ol alg 
2/S|2/sidislalei4|sigislele|é 
elelé| ei li@/el8|s/2l2/</8/8 
AR OCIEARARE AAR 
S\E\a/2l8i/alalalslalaiel|al2 
° oO gie 
BIS(AlSIS (SIS (S18[s [818 /s/S/8 
*|1)2]38]4|5|6)7] 8] 9) 10) 11/12/13] 14 
BRYOZOA—Cont. 
Cheilostomata—Cont. is 
Membranipora monilifera, |-|-|-]-|-]}-}-|-|]-|]9l-|-]-]-|- tb. 
@Orb. ie 
» normaniana, |-|-|-{-]|-]-|-|-|-]|-|20]-|-|-|-]|10 EK. BK. 
a@Orb. 
i ovalis, d'Ord. | - | - = -|- -|9|-]-|- -|9Ct. - 
” pauperata, ofepo p= [es pops -~|-|-]-|12)-]- | (Bifusir .) 12 Sal. 
pea Orb. Sas aries 
o parisiensié, -|}-}-}]-|-|]-|]-|-]-]9]}-]-|-]-|- | (Cedlepora.) 9 ct. 
Nr 
” pulchella, -}-}-}-]-]-}-]}-}-]9}-]-p-]-]-] 9 cb 
@ Orb. 
” pygmea, -|-]-J]-]-]-]-]-]-]9]}-]-]-]-]-] 9c. 
adoro. 
' tuberosa,Nov.| — | - | - | - = - 11]12}18] - | 11Sal. 12 Sal. 13 SD. 
a velamen, -J-J-}-J-]- -|-}]-]-]-|-|- }14] 14 Tr. 
Goldy. 
5. sp. - -/1]/2/-]-]-]-]-]-]-|]-]-]-]-]-| 1 MB. 2 Dev. 
Microporaconfluens, Reuss.} - | -|-|- |.- | - -})-|-|-]-]12)—-]-] 12 Sal. 
si delarnea, d'Oro. -|-|-|-|-]-|-]-]-]-]-]-]-]12] 7] - | 12 Sa. 
” nippocrepis, Goldf.| - | -|-|-|-]-]-]|-|-]-|-|-]22]-] - | 22Sal. 
in intricata, Lonsd. |-|-|-|-|-}]-J-—|-|-]9]-]-]-|-]|-] 9 Ot Sus. 
5 oceana, d'Orb. -|-|-}-}-]-]-]-]-]9]-]-]-]-]-] 906 
3 rimosa, Marss. -|-|-|]-]-]-]-}-]-]9]-]-]12)-]-|]9 Ct. 12Sal. 
a4 Roemeri, Lonsd. -j-];-|-]- -|-]-|]9]-]-]12|/-]-|9Ct. 12Sal. 
a simplex, d@’Orb. -}-+-]-]|-]-]-]-]-]9]-[-]-]-]-]9¢t 
- sp. -|-j2]/-]-]-]-]-]-|-|]-]-]-|-]-| 2 Dev. 
Microporella antiquata, -/1/-]-]-|]-]-]-]-]-|-]-|]-]-]-] 1 Cam. 
Ks Vine. 
Onychocella camerata,Hag.|-|-)-]-|-|-}-}r]r}c}r]r [cys 14] 14 Tr. 
=f francquana, -|-]-|- -|- -|-|9 -|- -|9Ct. 
?Orb. 
ss granulosa, d’Orb.| - | - | - -|-]|]-]-]-]- |10 -|-|- | 10 Mid. 
3 koninckiana -|-|- -|-}-}-}-f-]- - |14| 14 Tr. 
Hag. 
# Lamarcki, Hag. | - | - -|-|-]-|-]-]-|10]-]-|-]14] 10 Mid. 14 Tr, 
a parisiensis, -|-|-]-]-]-]-]-]-]-]-]-|-] 7 |14| 14 Tr 
Orb. & 
Ppachydera grandis, Marss.-|-}-|-|-|-|-]-]-]-}-]r7]7 pct 14| 14 Tr. 
Pavolunulites elegans, d’Orb.| - | -!-]-]-]-]-]|-|[-]®]-]-]-]r]- 9 Ct. 
Planicellaria oculata, d’Orb.|-}-'-|-]-]-}-]-pr prt} rystry7 _ 
Porina cincta, Reuss - -|-|-|-]-]-]-|- ]-]-]9 }-]- [12] -]-|]9Ct. 12S8al. 
»  filiformis, d'Oro. -|-[|-f-]-]-]-]-]-]-l9]-]-]-|-]-] 9 ct. 
»  filograna, Gold. -J-|;-!-]-]-1]-]-]-]-]-]-]-]-|- ]14| 4Tr. 
» pustulosa, Marss. -|-|]-'-|-J|-]-]-]r-]r}co]r 11/12; -]- | 118al. 12Sal. 
Quadricellaria excavata, ele =t=|=[—]-+[-]-19])-]-[-]4p- | oct 
aOrd. 
Reptolunulites angulosa, -{-)-}]-}-]-]-]-]-]9]-]-]-]-]-] 9c 
dorb. 
Semicytis disparilis, 7 Orb. - | - -|-|-{-]-]-]-]9]-]-]-]-]-]|9Ct 
i fenestrata, d’Orb. |-|- -|-]-|-}-]-}-]9]}-]-]}-]7]-]9 Ct. 
i rugosa, @’Orb. 9 -}-}- -J-]-}-]|r-]r]-]9trio Sas 9 Ct, Sus. 
Semieschara arborea (see i : 
Membranipora). 
Semiescharipora galeata, _ -|- -J-]-|]-}]-)-]-]-]-]-]-|-]14] 14¢T. 
Beiss. 
Stichopora clypeata, Hag. - - - -J-f-}-]-]9}-}-]-]- 9 Ct. 
Supercytis digitata, dOrb -|-|- -=|-]-]-}-]-}-]®}7-]-]-]c]o 9 Cu. 
Systenostoma asperulum, _ - -|Jrt-f- -|-|-|]-]-|-|- [14] 14 Tr. 
Marss. 
Unicytis falcata, d'Orb. -|[-|- - -|-|-]-]-]J9]-]-]-|[-|-] 9c. 
Vincularia abscondita,Marss|-|- -|-}-}-]-]-]|-]- -|-|-|14[ 14 Tr. 
a areolata,@Orb.- |---| - -}-|-]-}-4- 1-19 -|-j|-|-]9ct 
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Chalk. [Chalk] Upper Chalk. 
s a 3 
¢ a 3 a a] | i g i] 
afe/*/218|.(e lg] (alel lel el¢ 
2/8 ;/2/3/o18)/ 3/3 e1gie/8 LOCALITIES 
SPRCIES.. ale 3 a 2 a\¢ 2 e|z Z alg g EI AND REMARKS. 
Sle els/@) Seale) ol al c1als 
2/31 2le/3/el215|3|8[gla/si3} 2 
S/e/8|S/S/<||8)/a] salal<ajajs 
ARO CARRE 
¢ a} oO oa}; %2!lo Ole ce ne a 
Bials alalealjalalS/alalel/a|s 
6 /als (SSS iS/SlalSiSisia ls 
* 11) 2]3]4]6]6]7] 81 9] 10/11] 12] 13] 14 
* BRYOZOA—Cont. 
Cheilostomata—Cont. 
Vincularia Bronni, Reuss. - | - | - | - -|-]-]-]-]-]-]- ]12}- 12 Sal. 
‘ cact Dosnue -|-|- -{-]-]-]9]-]-]-|]-]-|9Cb 
»  eretacea, d’Ord. - | = | - 2 -|-|-]o9}]-|-]- -|9Ct. 10 Wk. 
disparilis, d'Or. | - | - | -]-|-]-|-]-]-]9]10}11/12]-]-|9Ct. 10Do,Sus. 1 
° Sus, Mar. 12 Sus. 
pS exsculpta, Marss.|-|-|-|-|]-|-|]-]-]-]-]-{|-|-]- [14] 14 Tr. 
ae excavata, d@Orb.-|-|-|-|-]|-]-}-|]-|]-]-]-]-]12] -] - | 12 Sal. 
5 francqana,d'Orb. | - | -|-|-|-}]-]-]|-]-]-]|-|-]|12]18] -| 12Sal. 13Sal. 
‘ gaudryanad’Orb.| -|-|-|-|-}-|-]-]-]9]}-]-]-|]-]-]9Ch. ‘ 
i iuequalis, @’Orb. |} -| -|-]-|-]-|]-]-]-]-]-]-]-]-]- = 
# leda, d@’Orb. -|-|-]-|-|]-}-|-]-|]8]-]-]-]-|]-]-]|8Do. 
7 oculata, @Orb. -|-|-]-|-]-]-]-]-]-]-]10]-]-|-|-]|10WK. 
” perangusta, d’Orb| -| -|-}-|-]-|-]|-|]-]-]10}-|]-]-]-]| 10 WK. 
5 regularis, d’Orb.- | -}-{-]|-]-]-|-{-|]-]|9]-]|-]12]138]-|9Ct. 12Sal. 13 Sal. 
re santonensis, -{|-]|-]-]-]-]-]-]-] - [10] ~-]/12]-]- | 10 WK. 12 Sus, 
a simplex, ford. -/-/-/-/]-/-|]-|]-|]-|]-|]-]-|12]-]- | 12 Sal. 
a strumulosa, -f[- - -|- -|-|]-]- 14| 14 Tr. 
Marss. 
% undata,@Orb. -}-}-]|]-]}-]-]-]-]-]-|9]-]-]-]-|]-|9¢t. 
» sp. - -f-}-)}-1]-]-]-]-]-]-]-]10]}-]-]-]-] 10 Mid. 
CRUSTACEA 
Brachyura. 
Callianassa Archiaci - -|-|}-|-|-]-|]-]-}-]-]-]-]-]-]-]|- — 
Bt sp. - - -{-J|-]2]/-]-]-]-]-]-]-]-|]-]-]-]-] 2 Dev. 
Cyphonotus incertus,Bell -|-|-|2]-]-]-|-|-]-]-]-|]-]-]-]-|2 ch. 
Dianlax Oweni, Carter -J-}-]-]-]-]-]-]-]}-]-]-]-]-]-]- ee Do. and Maid- 
: stone. 
Eucorystes Carteri, Bell -|*|}-|2)-]-}-]-|]-]-]-]-|-]-]-]-| 2 Dev. 
Necrocarcinus Bechei, Desi. |} *|1)2]}-|-|]-|-|-|]-]-!-|]-]-|-}-|]1MB. 2Dev. 
s Ww wdnardl *)-|2)3)4]-]-]-]-]-]-]-]-]-]-] 2Dev. 3IW. 4Cam. 
ell. 
Paleocorystes pate Or -/|-]-]38]-]-]-]-]-]-]-]-]-|]-]-] 38, Iw. 
Stokesi, Mant. - |-|-|-|]3]-]- Fr ee [ee me en eo (eee ea 
Plagiophthalmus oto *)-]Q}-]-}]- -}-]- -|-]-]|-] 2 Dev. 
Be 
Platypodia Oweni, Woodw.-|-|-|-|-]-|-}-|]-|-]-|]-]-]-]-|-] Sussex. 
Macrura. 
Glyphea cretacea, McCoy -|*|}-|-|-]| 4 -|- -~/|-/-]-]- 4 He, Cam. 
Enoploclytia brevimana,|-|-/-}-|4/-j-]-|]-]=]-j]-|]-|-|-| 4 Cam. 
McCoy. 
Hf Imagei, Mant. | - | - | - 4]- ae eed (ed) eee ee -|4 Cam. 
io Leachi, Mant.-} -|-|-}-|4]- 7|8 {910} 11) -|-|-]| 4 WK, Sus. 7 Sur, Ha, 
Sus. 8Do, Sus. 9, 
10, 11 common. 
sussexiensis, -}-]-1]3/4/5]/-]7]-]-]-]-]-]18]-]3F,8ns. 48u, WK, 
Mant. Sus, He. 5Sus. 7 
Sus, Ha. 13 Nor. 
Hoploparia sp. -J1]/-|]38]-]-f-]-]-]-]-]- -~|-}18us. 37, 
Meyeria Willetti, Woodw, -{-]-/]3]-J-]-/]-|[-]-]-]- -|-|3 ee and Chalk, 
ewes. 
Palega Carteri, H. Woodw.-|-|-|-]2]/4]-]-}-|]8]-]-|-]|-|-|-]|3F, Bd, NW, Ox. 4 
Ld, Cam. 8 NW. 
Paleastacus Dixoni, Bell 
(see Enoploclytia 
sussexiensis), 
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Zonet [atidiel Upper Chalk 
3 a . 
=| ala s g g 
alslBle] |8|. d 
{E|S/2/2|_[E/al [E/E lglg 
Slale|s(Siaislsl els! 2g glslé LOCALITTES 
SPECIES, Bia S/E/B alls elelelsissels 
BJL/s§ S/alalcta| & 8/8) 8/ele AND REMARKS. 
Sie a e/2 | ele eel sla) e148 
D Bleldie Bl/e/ Si si alela{s 
n CoRs8 F-5 ec rce car] Cab 
: sls/siel2|<lele|Hlsla/=//2/8 
slElale|Sleislsis/Sisisislsis 
zlslelslajeleigigisisisigiaig 
ic} Oy 
BIS/Al5/S/Sis[SlSlsfsfsis/sis 
*71]2)3) 4/516] 7] 8] 9]10) 11] 12/13] 14 
CRUSTACEA—Cont. 
Cirripedia. 
Brachylepas cretacea, -j|-)]-]-]-]-]-|]-]-)]-|-]-]- [18] - | 188D, Nor. 
H, Wdw. 
Loricula pulchella, Sow.- - -| -|-|-|-|-|-]-|-|-]-]-] -|18|- | 18Nor 
Pollicipes acuminatus,Darw. - | -|-|-|-|-|-|-]-]-]-]-|-|-]- | LC Nort. 
» Angelini, Darw.- -|-|-|-]-]|-]-]-]-]-]|-|-]12]18] - | 12 Sal. 13 Nor. 
35 Bronni, Remer - -|t}-)-]-}-|]-}-|-]-|]-]-]-|]-]-|1MB 
» cancellatus, (see ;-|-|-|-|-|-]-]-|-]-]-|]- - |14] 14 Tr. 
Brachylepas) | 
» fallax, Davw. -!'-|-]-|-]-]-]|-]-]-]-]-]- | -]18]14| 138al,SD, Nor. 14 Tr. 
» levis (see glaber) 
»  glaber, Rem. -i*f1}-|38/4]-|]-1]7]8}]-]10]/11/12)-|-|1 Cam. 3 F, He. 4 
Cam, Nor. 7 Sus. 
8 Bd, IW. 10 Mar, 
WK Sus. 11 Mar, 
Ha, Sus. 12 Sus, 
Ha, IW, Sal. 
» -Striatus, Dar, - | -]-]-]-]-]-]-]7]-]-]10] -]12]13]-| 7 Do. 10S8al. 12Ha, 
Sal. 13 Nor. 
a unguis, Sow. -}*/1/-/3]4]-]-]-]-]9]10]-]-|]-]-]|1 Cam. 3 Nor. 4 
Nor. 9 WK. 10 WK. 
» Bp - s- =]-f-]-]-]4]-]-]-}-]-]-]-]-]-]-]4F 
Pyrgoma cretacea, H.Woodw “i 
(see Brachylepas) 
Scalpellum angustum, Darw.| - | - | - | - -~|}-]-]-|]-]-|-]-]-]-] Joc. unknown, | 
Py arcuatum,Darw.| *|/1]-]3]-]-]-]-|-]-]10]-|-]-]-]1Cam. 3F. 10Sur. 
a Dae -|- -|-]-f-]- -|{- | - 12/13] -| 12Sal. 138al. 
08g. 
‘9 fossula, Darw.- | - | -|-|-}-]-]-]-|-]| 9 | 10/11]12/18[14 | 9 Do, Sus. 10 Do, 
Sus. 11 Mar, Sus. 
12 Sal, Ha, Sus. 13 
Nor, Sal,8D. 14 Tr. 
+8 hastatum,Darw.| - | - 3/-]-]-]-|]-|-|]-|-]-]-|]-|3F 
is lineatum, Darw.|*|-|-|-|]-]-|-]-]-]-|]-]-|]-]-|- | LO: Maidstone. 
3 maximum, Sow. | - | - ~|-|-]- [7] 8] 9|10/11]12]13] - | 7Do. 8Do. 9 Do. Sus. 
10, 11, 12 common. 
13 Sal, SD, Nor. 
ai quadricarina- - | -|-|-]-]-]-]-|-]-j|-]-]- 22] -|- | 12 Sal 
tum, Reuss. 
i semiporeatum, |-|-{-|-]/-|-]-]-|8]}]-]-|-]12}13|-]8 TW. 12 Ha, Sal. 
Darw. 13 IW, Sal. 
55 trilineatum, -]-]-|]3}-|-|-|-|-]-]-|-|]-|-|]-|[3F: 
Darw. _- 
a tuberculatum, |-|-|-]-|-|-]|-]-|]-|-]-|]-|-]|-]|-| Chalk of Kent. 
Darw. 
Fs sp. - - - -J]-|[-]-]5]-]-]-]- {- -|-|-|5Bd. 
Verruca prisca, Darw. efefelelale pate )eh<] = [2] =] - [18] = 18 Nor. 
Ostracoda. 
Bairdia harrisiana, Jones -|*}1{/-|3]-|-|-|-|8]-|10]-]-|18]-|1Cam. 3Cam. 8 Bd. 
10 WK. 13 Nor. 
” » Var. ampli, -l[1})-)-|-]-]-]-|-|]-|-|]-|]-|-]-] 1 Cam. 
»  subdeltoidea,Minst..*|1]/-|3]415]-]-]|S]9]10;11} -]138)-] 2 Cam. 3 Be. Cam. 
4 He, 5 Do, 8 to 13, 
Common. 
Bythocypris Brownei, J.¢4 H.|-|} 1]/-|3]-/]5]/-|-]8/-]-]-]-]|-]- 1, SEIS D 8 
» veussiana,J.dé H.)*/1/-|-]-]-]-]-|-]-]10]-|-]-|-]|1Cam, 10 Ct. 
» vroemeriana,J.@H.|-{-|-}-/-|-|-!-|8]-]-]-|-]-]|-] 88d 
“a silicula, Jones} *}-]-|]-|-]-|-]-|]8]-]-]-]-|]-|]-] 8 84. 
” » var. minor, | *|-/-]-]-|-]-]-|8]-]-]|-|]-|-]-]8Bda 
a simulata, Jones |} -|-|-]-|-]-]-1-|-]-|]-]-|-|-]|-]| Charing detritus, 
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Lower Mid'le 
Chalk. |Chalk.| | Upper Chalk. 
Elelglal |g 218] lala 
al e}8/#13 Ela] [816| [2]8]¢ 
gale) aisle lelel alse] g/Sle lz LocaLities 
SPECIES. Blalsisiels 3/8/3/28/8/2/8|8|2] anv pewanns. 
Slajalsl2|M Els | 2] 2°] 2| | 8] 3 
o ro) alas Dine| Ol do] a 4 -[ 
m ols Sle Olola |) se /Sirgis 
slelalels|4(2léisls/sl=/4/3|2 
> 1a/BlalS]Slslslsl sll sls]sjeis 
21S] 2)e/212/8/2/8/218/8| 2/2] 8 
i=) 
B/S/AlS/S/8/S/8/8/s/8(S/8(S(s 
*)11/2)38)/4)]5]6)]7] 8] 9]10)11) 12) 13] 14 
CRUSTACEA—Cont. 
Ostracoda—Cont. 
Cythere bosquetiana, Jones |-|-|-|-|-|-|-]-|]-]-|-|]-]-]-]-]| Charing detritus, 
3 harrisiana, Jons|*|1])/-]3]-|]-|]-|-]8]-]10;-]-]-|-]|1Cam. 8Bd. 10 WK 
4 » «var, ee -|1l)-{-}-]-]-|]-]-]-]-]-]-]-]-]1 Cam. 
a gaultina Jones -|*|1 -~|-}-}-]-|-]-]-]|-]-]1 Cam. 
iy sutuberculata, -}|1]-]-]|-]-]-]-]-]-|]-]-]-]-]-]1 Cam. 
ap. 
” Koninckiatia, Bosg. |) -| 1] -|3]4]-}-]-]-]-]-|]-]-]-]-] 1 Cam. 
Cythereis auriculata,Cornuel | * 1{-|3{-]-]}-]-|8]-|-]-|-]-]-]1. Cam. 8 Ba. 
- icenica, J.d H.|}-|-}-]-}]-|-|-|]-]-]-]-|]-]-]18] <] 18 Nor. 
ee » «Var. a ig -{-]-}-]-]y-]-]-]-]-]-]-]-]18] - | 13 Nor. 
i lonsdaleana, Jones */1]}-]-]-]-]-]-|8]-]-] -]12]/138] - Tea. 3 Cam, 8 Bd. 
: or. 
»  ornatissima, Reuss | *|1]-|3]4]-]-|-|8]-]10]-]- |13]- ey ee 4 es tis 
common or. 
3 » var. _ouda,}*|/1]-]3)-]-]-]-]-]9]10]-]-]13]-]1Cam. 3 Be. 9 Do. 
J.&H. 10 common, 13 Nor, 
7 » var. paupera,|*|1)-]3]}-|]-|-]-]8] 9} - 41] -]13)- Lees oo 8 Bd. 9 
J&A. 0. common. 
13 Nor. : 
- » var. za Ps -{1]-J]-] -]-]-]-1-]-]-]-]-]-]-]1Cam. 
” » var. _reticu- | * =| BS p-)= pe} 18 l= [10] <7 = [bey ee 3 Be. 5 a 
lata, J. & HH. common. 13 Nor 
ma » var. aes */1]-/3]-|-]-]-]8]-J-]-]-]-|-]|1 Cam. 3 Be. 8 Bu. 
“ quadrilatera, Roem *11]/-|]3]-}-]-]-|]8]-|]-]-]-]18]-]}1 pate Be Do. 8 
: or. 
spinicaudata, J.4H.|-|)-|-|-|-|-}-]|- 8}-|-]-|- 413] -] 8 Bd. 13 Nor. 
»  triplicata, Rem. -|*}1)-|3)/4}-]-]-]8]-|]-]-]-]-]- 1c 3 Be Cam. 
e. 
»  tuberosa, J.é H.}-}1}-]-]-}|-]-]-]8]-|]-]-]-]48]-] 1Cam. 8 Ba. 13 Nor. 
S » var. sym-|-|-}-]-}-]-]-]-]-]-]-]-]-]18] -] 18 Nor. 
Joe |*]a 10 
Wrighti, J. -|-]{- -J-lat-lrlrt- ‘ann. 
Cytheridea perforata, Rem. *11l]-13])4]-]-]-]8}-]-]-]-]13]- ee Berra 4 
e. ‘ or. 
Cytheropteron alatum,Bosg.,| - |-- |-{|3]-]-|-]-]-|-]-|]-|]-]-]-] 3 Cam. 
var. ra & Hl. -}-J-}-J-;- }-]-}-}-d-]-]- a = 18 al 
var. fortis, J & =P b= Pepa] ae) ae be Lala ai 
, OR var. comuta, *|-]-}-]-|-]-]-]8]- [20] =] - [38] - | 8 Ba. 10.@ee p. 925) 18 
sq. 
a concentricum, */1/-|]3]-]-}]-|]-|]8]-]-]-]-]2]- 1 Cam, 3 Be, Cam, 
Reuss. 0. 
» » Var. virginea, -/1]}-]-]-]-]-]-]| 8] -}10;11] - ]13)-]1 Cam. 10 Wk. u 
Jones. nats Sus, Dor, 13 
or. 
»  cuspidatum,.&H.}*/}1]-];-]-]-]-}]-]-]-]-]-]-]28] -] 18 Nor. 
» 9) Var. eetoyep -}-)-f-}-]-]-]-]-]-]-]-]-] - [18] -] 18 Nor. 
ata, 
Ss pedatum, Marss.| -|-|-]-|-|-j}-]-]8]-]-]|-]- [438] -] 8 Bd. 13 Nor. 
ie » var, salebrosa, Sle les |ele[=|<] 8) oe] +) =—]=)—) 8 Bd, 
5 Sherborni, J. & H. | - | - - -{-|-]-]-]-]-] -]18] - | 13 Nor. 
»  Sphenoides, Rewas- | — T/-]|-]-]-]-]-|]8]-]- al lal 2 a 8 Bd. 
»  umbonatum, Will. * B/-}-1-]-]-]9]- i eal (Es Be ¥ De. cunt 
ie % ie ee -}1]/-}-|-]-]-|-]8]-]-|-|-]-|-|1¢am” sa. 
era, Marss 
+ is vat. longi -|*/1}-]-|-|-]-]-]-]-]|-]-]- 18] -| 1Cam. 13 Nor. 
spinata, J. & A. 
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Lower Mid’le} d 
Chalk. Chalk. Upper Chalk. 
@)| la ala 
AEE el AB a|¢ 
alel2213] leis] ale) lelaig 
§ a|"Je|g/els)a}s al/Slele LOCALITI 
SPECIES. e(e|2l/8)e/s/°12(8l2/ 2/4/3181 = us 
(2) 8/</4/8)2/#/4/ 8/8/45) 8] 2/4 AND REMARKS. 
ala 8|elalalelelclelslelciale 
cs SlofalslSlAlSl Sls | Slsl/als 
nD 3° ° = + 
feel els sale is| s/s /2/218/é 
sl2(3/S/3}s/s/3]3/=/3/3/ 3/3] 3 
ele| 2/3] a)2/212/2]218/ 8/8] als 
oO o 
&/6/8/6/S/S(8/s/Sisi8/s/Sis1s 
*11/2138)4/5)6) 7] 8) 9110|11/ 12/13) 14 
CRUSTACEA—Cont. 
Ostracoda—Cont. 
Cytherella mantetians, - -j-]-]-]-]-]-]-]-{-]-j-|- [18] - | Ch. detr. Charing. 
on 
is Muensteri, Rem. |-|1]-|3[4]-|]6]-[8]9|10;11]}-|-|-]|1Cam. 3Be, Cam 8 


Do. 8 Bd. 9 Do. 
10 common, 11 Mar, 
Sus, Dor. 13 Nor. 
3 obovata, J.d H.|-|1]-|3|4]-]-]-]8]-|10]11|-|-|-])1Cam, 3He, 4 He, 
8Sus, Bd, 11 Mar, 
Sus, Dor. 13 Nor. 


s obliquirugata, Oe -|-]}-}-|-]-]-]-]-]-]-|-|-]|-|- | chatk of Winchester. 
‘i ovata, Remer - 1/-}3]-]-|6]-]| 8] 9 |10}11]12)13| - | 1 Cam. 3 Be, Do, Cam. 
8Bd, Bk, Ox. 13 Nor. 
o subreniformis, - -{-|-]-|-]-|]-|-|]-1]-]-|-]-|-]- ] Ue. Kent. 
y williamsoniana, *li}-]3]-]-1}-]-]8] 9 |10]11] - |13] - | 1Cam. 3 Do, Cam, 8 
Jones. Bd. 9 Do. 10Do, 
Sus, He. 13 Nor. 
7 » Var. SIAN UE ,|*]-}-l-}-{-]-]-]-]9]-]22] - ]8]-] 9 Do, 11. Mar, Sus 
Jones. Dor. 18 Nor. 
,varstricta -/*/1}-]3/-]-]-]-]-]-|-]-]- -|1Cam. 
Macrocypris concinna,J.¢H.|-|-]-|-]-]-|-]-]8]-]-|-]-la]-]8 Bd. 
33 muensteriana, *{i/1-]-|-]-|]-]-]-]-]-]-] - |18] - | 18 Nor. 
J.& H. 
5 siliqua, Jones-|-}|1]-|-{]-]5})-[-]-];-]}rpRoryc-ycds 1Cam. 5 Do. 
” simplex, Chap. |-]1|-]-|-}]-|-|]-]-|]-]-]-J-]-[7-]2 Cam. 
P ili i B a 
aracypris gracilis, Bos *{[>]-]-}-]-]-}-]-d]-]-d-d-dc _ 
siliqua 7 a #]_|_)-|s|el—}<|=1e]< |=] =718]-4) 18 Nor. 
Pontocypris bosquetiana, e*lil-l3]-]-]-}-]-]-]-]1]-]-]-]|1 Cam. 3 Be, Cam. 
J. 11 Mar, Sus, Dor. 
triquetra, Jones | *|1| - -|-]-|-]-]-]10 -}|-]1Cam. 10 W. 
Pseudocythere ? se ga *#) [eo -|-]-]-]-]-]-[- 13 13 Not 
J. & A. 
ANNELIDA. 
Ditrupa difformis, Lam. -|*]-|2|/-|4]-]-]-|]-]-]-|-]7- 1s|i4| 2 Dev. 4 Nor. 18 
SD. 14 Trim. 
Serpula ampullacea, Sow. -|*]-]-|3]}4|/-|-| 7] 8] 9 [10]; 11/12 13]14] 3 and 4 common. 


Do, 1W, Dev. 8 Do, 
Sus, SD. Ox.- 9 Do, 
Sus, WK. 10 ue 18 
common. 14 Trim. 
% annulata, Reuss -|*|-|-13]4])-|-| 7] -] 9 | 10711] 12] 13] - 3 and 4 common. 7 


Sal. 

e antiquata, Sow. -|*}-|2]3]4/-|-|-}-}-|-]-]-]-{-]|? Dow 3 SD, Nor. 
4 Cam. 

’ pst eet ag Hag. -|-|-|-|-]-]-j-]-|-]- —|-|- 14] 14 Trim. 

; carinata, S. Woodw. -|-/-}-}]-]-]-1-]-]9]-]-]-|18[-|96. 13 Nor 

F cincta, Goldy. -|-/-]-]-]-]-]-]-lo]-]-|]-|]-]- | 9 Sus. 

ag concava, he -l*lal-]-]-]-]-]-]-]-]-]-]-]-]-]1 MB 

contracta,S, Woodw. fe fe: | en eel | Sp ee pe. - | -|183] - | 13 Nor. 

R filiformis (see 

lexus). 


10|11]12]13]14) 7 Do, Ha. 8 to 12 
common. 13 IW, 
‘ SD. Nor. 14 Trim, 


‘i fluctuata,S. Woodw. |} -|-|-]-|- 


a 
ao 
C=) 


a gordialis(see plexus). 
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GENERAL LIST OF FOSSILS, 
Lower Mid'le 
Chalk. Chalk. Upper Chalk. 
e ; i]: 
3 3 E d e < E| q sl 
51617) 2121 [al a lSl el | 2 l 4 
4)3)g)e/slelelz|2/3| 2/2 /4le ls LocaLirres 
SPECIES. El2(el<|2/8)al8/2/8/ 8/81 8/8/4| vp Bumarcs. 
a5] 5) e al Sele lal slalelclcle 
2 oj) ola] A s1S8islelel/a/s 
m C) C) lat 
slelalgle/<lale(2]s/a/a/<2/a/s 
ale tata Sy erste) Sele 18/2] E18 
S1E/e/e/2/8/8/2/3/2/ 8/8/81 8 
5 r| 
Bl16(815/8/S(S/S/Sls/8/s [Sls ls 
* 11) 2/3! 4)/5)6)] 7] 8] 9) 10)11] 12/13} 14 
ANNELIDA—Cont. ri 
Serpula granulata, Sow. -|-|-|-|-|- |-|-17]8]|9]10]11]12/13/14] 7 Do. 8 Do, Ox, Bd. 
9to12 common. 13 
ie SD. Nor. 14 
»  ilium, Sow. *)-j-|3]-]-]-1]7] 8] 9 ]10/11]12/13|14] 31'V. 7 Do, Sus. 8 
to 12 common. 18 
IW,SD. 14 Tr. 
iy lituitis, Defr- -|-|-|-|-j- -}-]-]-]-]-]-|18})1¢| 13 Nor. 14 Tr. 
a lumbricus, Defr. -}-|-]-]-]- |-}-]-]-|]-]-]-]- [13]14] 188D, Nor. 14Tr. 
i macropus, Sow. -|*|-|-]-|- |-}-]-] 8 | 9 |10]11]12/13]14] 8 Do. Sus. 9 Do, Sus. 
WK. 10 EK, Sus. 
11 Mar, Sus, 12 Sus 
13 SD. Nor. 14 Tr. 
obtusa, Sow.- -/-|-|-]-|-|-]-]-]-]-]-]-]|-]13] -] 13 Nor. 
i plana, S. Woodw. -|? |-}-|-]- |-|6]7]8 | 9]10}11]12/13} - | 6 Do, Sus. 7 Do, Sus. 
8 SO. 10 Ha, SD, 
EK. 11 Mar, Sus. 
SD. 12 Sus. SD. 
13 SD, Nor. 
e planorbis, Gein. -|-{-|/-|-]4]-]-|]-]-]-]-]u}-|]-|]-]4¥F.(118D. 
» plexus, Sow. - -/*/1/2/3/- |-]6]7]8] 9 }10/11/12/13)14] 1 MB. 2 Dev. 6 Do, 
Dev. 7 Do, Ha, Sus. 
8 Bk, Ox. Common 
in 9 to 14, 
ey proteus, Sow. - ape edo pac bee fia dhe be fief Oi fie fis, | a fe [ es 
" pusilla, Sow.- -|-|-|-]-]-j)-]-]-]-]-]|-|11] -]18] - |] 11 8us. 13 Nor. 
5 rustica, Sow.- -{|*;/1}/~-/-]4]-]-/-]-|-|]-]-]-|-|]-|]1F. 4 Cam. 
fy spirulea, Sow. -|-|-|-]-|- ]-{;-/-]-]-]-[-] -]13] - |] Nor. 
63 septemsulcata (see 
Ditrupa difformis). 7 
a striata Defr.- -|-|-|-|-}- |-|]-]-]-|-]-]-]-|]13} - | 13 Nor. 
+ subtorquata, -|J-]-}-]4]-]-]-]-|]-]-]-]-]-]-] 4 Nor. 
Miinst. 
a turbinella, Sow. -|-|-|]-|-]- ]-]-|]-]|]-]| 9 ]10]11]12]13}14] 9 Do. 10 to12 com- 
mon. 13 IW, 8D. 
14 Tr. 
o trochiformis, Hag.-|-|-|-j-|- |- ee ~|-|-|]-]14 _ 
° umbonata, Sow. -|*/1/2/3)4 ]- -|- -|-]-],-]-]1 MB, Cam. 2 Dor. 
. 3 passim. 4 com- 
mon. 
» vortex, S. Woodw.-|-|-|-|3 -|-]- - -|-/138)-]3F. 18 Nor, 
vermes,Sow.- -|*|-}2f-|-]-|-]-]-]-]-]-|]-]-|-]| 2 Dor. 
"“qerebella lewesiensis, | - | - | - | - | - | - -}- | 9 ]10]11]12}13] -]|9WK. 10 Mar, Sur, 
Davies. Mid. 12 Sus, 13 Nor. 
ECHINODERMATA. 
Echinoidea. 
tneieages (see Echino- 
cory: , 
Caratomus rostratus, Ag. -|*/1/2}-]-]-]-]-]-]-]-]-]-]|-]-| 1 Wilts. 2 Dev. 
St ae ae |_| etc] = lot stot 8 | 9 (a0) 2 |a8| w) ie] 8 be Gams pa. an 
erananchytis, Les -|-]-- -|- - io. Cam. 0. 
Cardia ve Nor. 12 Yo. 138D. 
‘ Nor Sal. 14 Trim. 
‘ coteaANS, Ga) cs hae ls av Vacs as (os le ed -|- | Mid. Ch., Dover. 
i fossarius, Benett |*|1]-]-|-]|-|-|-]-]-]-]-]-]-|-] 1 IW. dowest bed. 
» + grandis, Benett-|-|-|-|-|-|=-|-}-]-]-|-|-|-]18] - | 18Nor. 
pa granulosus Goldf. , “ 
Wseeananchytis), . 
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CRETAC EOUS ROCKS 


OF BRITAIN. 


we 
Lower. (tide) upper Chalk, 
8 oa 3) 
22/2 /218| |e l4| |418) |2 lal 
aleiag oO | a = os a ; a 
£18/8)3/3/3)o|S1 218] 2/815) 218 LOCALITIES 
D _ BS \-a : g s/s 
eee a|2 ||| 8\2|5 2(/2/5/3/8|3/4| ap Remaras. 
S)e\al3|2|=|2)2|=12|2| 2/5) 8/8 
Blslslelglsl2l8i dl slgiglele(s 
2/2 (8) S|Fl<(Sla/2) s/4lal<[als 
ZlEle|U [S| SSS) Sale| sl sisis 
/£/e)s/e2lsiaigizigigigial2 
S|a|2 i 
SIS/AlS|SISIS|S|S[s/S/S/S/S/8 
* 12/2/38) 4)5] 6) 7) 8] 9]10)11) 12/13) 14 
ECHINODERMATA—Cont. 
Echinoidea—Cont. 
Cardiaster pillula, Lam. (see 
Offaster). 
i pygmeus, Forbes |-]-|-|-|-]-|6]7]|-|9]-]-|-|-]-] 6 passim. 7 Do, Sus, 
Dev. Do. 
6 Bp et HT -{-}-}-]-}]-]-]10)-]-]-]- | 101 Ww. 
» sp.nov. -  - - -|-]-]-}-)-dcrdc 12] - 12 Yo. 
HA excentricus (see 
Infulaster). 
e major (see Infulas- 
ter.) 
5 rostratus, Forbes 
(see Hagenowia). 

‘7 (Stegaster) sp. -}-|-]-|-|-]-]-]-|]-]-]-]-]-]-}14| 142 
Woodwardi,Seeley |-|1]-]-|-|-|-|]-]-|]-]-]-]-]-]-] 2 Cam. 
Catopygus columbarius, *lala{-}-|-]-|]-]-t-|-}-]-|-]-]1 MB. 2 Dev, Ch, 

Lam. Dor. 

Cidaris Bowerbanki, Forbes |}-|1]-|3/4]-|6|7]-]-|]-|-|-]-]-]12 Cam. 3 F, Cam 
Sus. 4 Norf, Cam. 
6Do. 7 Sus. 

»  Carteri, Forbes- -/-]-|]3]-]-]-]-]-]-]-/-|]-]-]-| 3 Cam. 
»  Clavigera, Kenig -{-|]-]-]-|]-|]-]| 7] 8] 9 |10]11)12)-|]-] 7 doubtful. 8 Do, 
Sus, SD. IW, Dev? 
9,10. 11 passim. 12 
Sus, Ha, IW. 
»  eretosa, Mant. (see 
subvesiculosa). 
»  Dixoni, Cott. - -}1]-]3]})-]-]-[]-]-|]-]- -|-]-]1Cam. 3F. 
a dissimilis, Forbes -{1]-|]3]4]-]6 ;7)]-]-1]- -|-j|-|1Cam IW. 3passim. 
4Nor,Cam. 60x, 
Cam. 7 Cam, Dev. 
»  gradata, Seeley - -J-}1]}-]-]-]-]-]-[|-[|-]-]-]-]-]-]1 Cam @=C. vesi- 
culosa). 
»  hirudo, Soriy. -l-}-]-]-]4}5]/6] 7] 8] 9 {10/11]12/13|) -|4Cam. 5Bk. 6pas- 
sim. 7 Do, Sus. 8 
to 11 common. 12, 
Sal, Ha, ou SD: 
s 138 , SD. 
» intermedia, Wiltsh.-}|-|-]-]-]-]-]-]2? -|-]-]-]-]-|]2?7Sus. 
»  Merceyi, Cott. - -/-]-]-]-]-]-]-[7[-]-]10]11] -]-|-| 7 Bd. 1u Sus. 12 Sus, 
»  perornata, Forbes -|-|-|]-]-|]-]-]6]7]81]9 10/11 -|-|6 Do. 7 Do. 8 Do, 
Sus. 9 Do, Sus, 
WK. 10 common. 
11 WK, Mar. 
» Pleracantha, 4g. -|-}]-|-|3|-}-|]-]-]-]-|-]|-|-]18| - | 3 Lewes, Sur 13 SD 
» sceeptrifera, Mant. -|-|-]- -|-|-]| 8] 9 |10]11]12]13] - | 8 Do, Sus, SD, Cam. 
Pron Frequent in 9 to 13. 
» Sedgwicki, Sveley -|-|1 my fee) eo ee (eee ee ~|-]-|-]1 Cam 
» serrata, Desor- -|-]-]-]-1-]-]- -|- - }12] 13] 14 12NH. 13 SD, IW. 
‘ 14 Trim. 
» serrifera, Forbes -|-|-|-|-|-]-]6]|7]| 8] 910] -|-]|13] - | 6 Do Ha, Sus, Dev. 7 
Do, Sus, Dev. 8 Do, 
Sus, SD, Dev. gand 
. s ' 10 c.mmon. 13 8D. 
» Sorigneti, Gein. - | - -|-|-]-]e6]7]-|]-|-|-]-|-|-]6Dev 7 Ha, Dev. 
*  gubvesiculosa, d’Orb. |-|-|-]-]-]-1]617] 8] 9 |10]/11]12/13] -] 6 SD. 7 Do, Sus. 8 
SD. 9and10 com- 
mon. 11 WK, Yo. 
! 12 Sal, Ha, 18 Sal, 
5 sees Forbes (see as 
i “ 
a uniformis, Sorig. wl-{-}-[al-[-L--]-p-l-]-}-]-[4 Boa 7: 
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i) . 
radi Miaie Upper Chalk. 
* 
= 
é 3 
al lglel lel | (2 
: :|3 " gl |.l. 
woE |g 8 Pt 2 a d E a Zis d 
FPP babe 2) alS/El alzlal8 
: s 2\2lale g|5 a) arse) 8/8) 2/8 LOCALITIES 
BPECLUBS: a)2138 | 2) eld S(2/ai8 oF 3 3 3 AND REMARKS 
a Slealo|S/a 8 
Ayal ele|2|Sl ele] 2 s| cla] 3 
alalele/s)3|e15)s|8)slslels|2 
8{2|/8|5|H/4 Aleta] s/s </a/S 
z SI g o S\|s bs SlSlF slslojsis 
e =} olo oa}/ojel]o}o}o]/oa]o 
SlalSIS|eleislelelelelsislaie 
BISIAlS|S|S/S|S[SlalSiSlsis|s 
*11)2/3/415)617) 8] 9 |10/11) 12) 13/14 
ECHINODERMATA—Cont. 
Echinoidea—Cont. 
Cidaris vesiculosa, Goldf. -|*|1]/21)3/4{/-|-|-|]8]-|-|]-]-]-]14]1 Cam. 2Dev. 3F, 
Hun, Sp. 4 Hnn, 
8 Can. 14 Tr. 
Codiopsis doma, Desm. -|-|-|2|-]|- -|-]-|]-]-1-]-]-]- |] 2 Dev. 
Cottaldia Kennettie,Kanig |*{1}2}-]-|]-]-]-|-]-|-]-]-|]-|-]1MB. 2 Dev. 
Cyphosoma corollare, Klein | - | - | - | - -]-] 8 ]-]10/11/12)13] - | 8 Bd. 10 common. 
11 WK, Sal. 12 Sal, 
SD. 138D, Nor. 
is elongatum, Cott.|}- |-}|-|-}-]-]-]-|]-]-]- [11] - [13/14] 11 Dor. 13 ab. 14 
rT. 
a granulosum -|-|-|]-]-]-]6]7]-79]10]11] -]13]-]|6 Do, Dev. 7 Bd. 
Go 9 WK. 10 WK. 
11 WK. 13 Nor. 
Py Konigi, Mant. |-|}-|-|-]-]-j]-]-|- | 9]10]11/12/13/ -] 9 WK. 10 to 13 com- 
mon. 
o magnifisum,dAg. | - |.-}]-|]-]- 6/-|-|2@]-]- j12]13] -|6Do.9 WK. 13 Nor. 
3 princeps, Desor | - | - -/-/|-]-]-|-]-}-]-]-]-]14] 4 7r. 
a radiatum,Sorty.>) -|-|-]-j|-|-|6]7]|8]|9]10/11/12/13)14} 6 Do. 7 Do, Sus, Ha. 
5 8, 9, 10,11 common. 
12 Sal, Ha. 13 Sal, 
SD, 14 Tr. 
ee simplex, Forbes 
. (see radiatum). 
si spatuliferum, -!-]-]-]-]-]-]-]-]-]10]i]1a]-]-|10 WK, Ha. 11 WK. 
Forbes. 12 Sal. 
” Wetherelli, -}-]-]-]-]-|-]-]-]-]10]-]-]-|14] 10 WK. 14Tr. 
Forbes. ‘ 
Discoidea cylindrica, Lam.- | - | 1|2]3]4}5|-}]-]-]-]-]-]|-]-]- | Common from1 to5 
Py Favrina, Desor. -|*}|-|]2|/3}]-|]-|]-]-|-]-]-]-]-]-]- | 2Dev. 
a minima, Ag . -|}-]-]-]-]-]-[]6@]7]-|]-]-|]-|-]-]- | 6 passim. 8common. 
a Dixoni, Forbes -|-}-]-]-]-|]-]6|]7]-|]-|]-]-]-]-]-] 6 He Do, Ha, Wilts. 
7 common. 
»  subuculus, Klein | *}1/2]3)4)]-]6 -}-y-|]-]-y-]- Sominot in 1 to 4, 
Echinobrissus (see meee 
Echinoconus (see _Galerites) 
Echinocyphus difficilis, Ag.- | *]1]2]3]-]-|6]7}]-]-|]-|-]-]-|-]1 MB. 2 Dev, Ch 
3F. 6Dev. 7IW. 
* impressus, Seeley |-|1]-|]-|-|]-|-]-|]-]-|[-]-]-]-]-]1 Cam. 
(? var. of difficlis) 
rf mespilia, Wordw.|-|-|-|-}|-|-|6]-]-]-}-]-]-]-]-] 6 Do. 
Echinocorys scutatus, Leske, 
(=vulgaris, Breyn.) | - | -|-{-]-]-]-] 7 | 8 | 9 ]10] 11] 12/13] 14) Common from 8 to14 
7 Sus (rare), 
Echinothuria floris, Woodw. |- | -|-|-]-|- ~ | -]10]11]12] - | - | 10 Roch. 
Epiaster crassissimu-, Defr.|-|-}2}3]-]-}-|]-|]-]-|]-|-|-|]-]|-]|2Dev- 3F, dun. 
» brevis, Desor. (see |-|-|-}-|}-]-}|-]-]-}-}-]-qyrt-l- _ 
gibbus). 
»  gibbus, Lam. -|-}-[|-]-]-]-}-]-]- | 9/10/11] - [13/14] 9 Do. 10 passim. 11 
Mar. 13 Nor. 14 Tr. 
Pa sp. - : - -|]-]2}-}-]-}-}-]-]}-|-]--]-]-] 2 bor. 
Galerites abbreviatus, -|-|]-]-]-]-]-]-]-]-]10]-|-]18)14| 10 Ha. 13Nor. 14 
Desor. Tr. 
»  albogalerus, Leske| -|-]-]|-|-|-|-|-|8|9|20/11]12|-]-|] 88D. 9 Sus, SD. 10, 
a passim. 12 Ha, 
castanea, Brongn. | *|1]}2/3]-]|-]6}-]-1]-]-]-]-|-|-]1MB,IW. 2 Dev, Ch 
2 : Dor, 3 Lew. 6 Do, 
: He, Dev, Cam. 
»  globulus, Desor.|-|-|-|-|-]-]6]7]-|-|-}11]12)-|-]6Do. 7Do. 11 Ha, 
. ‘ 12 WK, 
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Lower piaie Upper Chalk. 
Poe 
o a Shek. i. 4 
| alg ie q g ' 
- 12s) s EE 4 B| ee 
alelelels| jell F Fl ald Fi 
S Bale flalelslala a Sie 
SPECIES. ale (2]a)sl 2/2/21 2| gig lel alg aan 
" B12) 3\2|2/3/4/3\3|3|8)e/8| 82 AND REMARKS, 
Sle elsl lS ela) Se/ ol 2) ela] 3 
2(S|2lelsleiels)s1s/s\aleials 
£\e/8 Bilm|<a eH] alal<d| als 
: ZZ alE lS SiSlsl/slSl ssi sisls 
elS|Slalelelelalelsjeleisiais 
O)!= : 
BIS /AlSI|S(S(S[S[SislSlSiais]s 
"“11)2)3|4})5]6]7) 8] 9} 30/11) 12/13] 14 
ECHINODERMATA.—Cont. 4 
Echinovdea —Cont. 
Galerites Rameri, d’Orb. i 
(see abbreviatus). 
3 subrotundus, -/-]-]-]-/]-]6]7}8]9]10/-]2]/-[- oe a aes 8 Sus. 
Mant. 10 Ha. 
Glyphocyphus radiatus,Hen.| *|1]2]3]~-]-]6]-]-]-]-1|-]-}-]J- LIW, MB, 2Dev .3F, 
E, Ha, Iw. 6 Do, 
4 Ss, Dev. 
Goniophorus !unulatus, 4g.}-|1/2]/-]-|]-]-|-]-]-|]-]-]-|]-|]-|1MB,Cam 2 Dev. 
Higenowia rostrata, Forbes |} - | -]-|-}-]-]-]-]- | -]10]11]12]13] - | 10 Nor. 11 Sal, Yo. 
12 Sal, Yo. 13 Nor. 
Hemiaster bufo, Desor. -f-;1]2]-]-J-]-]-}-]-|]-]-]-]-]-]1IW. 2 Dev. 
en Griepenkerli, =| [-]<la]ea|ef—-)ede| «pels pe [<7 4k. 
Stromd. 
i minimus? 4g. -|*]~]-|3]-j;-|6]/7]-]-|-|-}-|]-]- st Common in 6 & 
» -Morrisi, Forbes -|-|1]2]3]4]-|-]-|-1-|-|-]-|-]|-]| 116, MB. 2Dev. 38, 
Sus, IW, Bk. 4Bad, 
; He, Cam. 
Helicodiadema fragile, Wut. | -}-}-]-|-|-]-]-]-|-]|-]- ]12]13] - | Up.Chalk, Gravesend. 
12 Sal. 13 Sal. 
Holaster Bischoff, Renev. -|-]-|/2]-]-]-]-|]-]-|]-]-]-]-]-]|- ] 2 Dev. 
‘i carinatus, Ag. (see 
levis). 
i levis, de Luc -]*lafa;sa]}-]-]-]-]-]-]-]-]-]-|- ] Common in1 to3, 
" Tee aeons, -|-}-/3]4]-]-]-]-]-]-]-]-]-]-] Common in3 & 4, 
pee errs aaa ee Dine foe fal led tt fed ra fa pret So fot ea lee eee 
‘ placenta, Ag -|-|-]-]-|- 6|7 9}10| - | - }13 ‘0. 7 Do, Sus, 8 Ha, 
: 5 SD, Dev, Suf, 9EK, 
K, SD, Dev. 10 
: a A nee ata 
. planus,Mant. -|-|-{[-|-|-]-]e6}]71s]9}]-|-]-|-]-|6Do. 7 common. 
d : passim. 9Do, WK. 
4 rotundus, Jukes- 
Br. (see Offaster 
spheericus). 
‘i subglobosus, Leske | *|]-|2]3]/4]-]-|-|/-]-]-|-]-|-]|-|2 Dev, Ch, Dor. 38 
Sus, Ha, IW, Dor, 
Lin. 4 passim. 
» ” Ven minus, *liafa;/-]-]-]-]-]-]-]-]-]-]-]-]1MB. 2 Dev. 
J. é 
»  suborbicularis,Cott.|-|1]2]-|-|-|- -j|-|-{-|]-]-|-]1MB. 2Dev, Dor? 
»  trecensis, Leym. -|-|1/2]3|/4]5]-|]-|-]-|-]-|-|-|-]1MB. 2Dor, 3South 
3 Cts. 4passim. 5 Bk. 
5 pillula, (see Offas- 
. ter). 
” spheericus(seeOffas- 
‘ ter). 
Holectypus bistriatus, Wright] ~|-~}2]-{-|-|-]-|-]-!-]-]-]|-]- | 2 Dev, ch 
Infulaster excentricus, Rose | ~|-|-]-]-|-]|-]-]-]-]10/11]12]13] - | 10 Ha, Cam, Nor, Yo. 
major? D aun Sal, Yo. 13 Nor. 
esor | -|-]-|-|]-]-]-|- sfe)o fe ets s 
(Sea also Hagenowia.) 
Micraster breviporus, Ag. 
(see M. Lasked), 
” Brongniarti, Héb.|-|-|-|-]-|-]-]-]-~]-]-]-]- 13] - | 13 Iw. 
» coranguinum,Klein| - | -|-~|-|-|-]-]-]-] 2 |iolar{i2]i3}14]} 10 lipassim. 128D, Yo. 
i issn, Nor, Yo. 14Tr, 
»  corbovis, Forbes -|-|-~]-}-|-]-l]e6l7 s}/o9]-]-]-|-]-|6 Do. 7 common. 
8common. 9Cam, 
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Lower Mid'le 
Chalk, {Chalk.| © Upper Chalk. 
=| |g Fl 
; : | 
oa]. 3 Sis . 
2|§ : 2| |S/a! | 3 il]. 
alg]? 2]e! lel] fale) (isla 
. 4|8}¢ g/2/2/5|5 2|% 2) 3\ 2 S|8 LOCALITIES 
SPECIES, E12) e(<(2/8/2/8/818|8)5)3/$/2] avp pmwanas, 
2lelals|#/=/2/6/ S/S] 8) 2) sa) 3 
alslslelslelelelsl sigizlelelé 
elel8|S)2l4/al@/2] 6/2/43 )=/ 8/3 
B/SlalulSlSslsislSsiBisisisjsis 
Bis /Slalelel/eleleolu/e2l/eo}eoje}o 
SIAIBISISiElSlEle/c le (S81 2| & 
BIO1A 5 SIS/SIS(SIN(S/S/S{S/S8 
* 71/2) 3] 4) 5/6) 7] 8] 9} 10}11] 12] 13] 14 
ECHINODERMATA—Cont. 
Echinoidea —Cont. 
Micraster cortestudinarium, | - | -|-|-|-|-|-]-j]8|9 {10} -|-|-]-]| 8frequent. 9 passim. 
laf. 10 Mid, Ha, SD, EK. 
»  glyphus, Schliiter - |-|-]|-|-|]-|]-]-|-]-|-]-]11]12]-]|-| 11 8ur,Ha. 12 Sus. 
»  Leskei, Desm. -|-|-}-t-1-]-]-]7)8])/91-]-]-|-]-]|7 Do, Ha, Dev. 8 
passim. 9 WK, 
Cam. 
i precursor, Rowe -|-|-|-}-|-]-]|-|-|8]9]10]-|-|-]-|8 & 9 common. 10 
“ Do, Sus, SD, Mid. 
Nucleolites lacunosus, Goldf.| *}1]2/-}-j-|-|-|-|]-]-|-]-|]-]-]|1MB. 2 Dev. 
Offaster pillula, Lanz. - -|J-}-]-]-]-]-]-]- | - }20]12]12]13) - | 10 Sur, Sus, WK, SD. 
11 & 12 passim. 13 
Iw. 
»  sphericus, Schii’er |-|]-|-]3}4]-]-]-]-|-|]-]-]-|-|-]3 Lin, Sp, Hun. 4 
: Lin, Sp. 
Pedinopsis Wiesti, Wright - | - | - -J-]-J-}]-J]-l-}]-]-]-|- 2 Ch. 
Peltastes Bunburyi, Forbes- | -|-|-|3]/4})-j}-]-|-|-|-|-|-|-]- a i Do & Milden- 
i all. 
»  clathratus,4g. -|*/1}-]3/4]-/6]-|-|-]-]-]-]-|- IMB. 3 F, IW. 4F. 
26 Dev. 
» umbrella, dg- -|*)1)2)3)4)-]-|]-]-]-|-|-]-|]-|]-]1MB. 2 Dev. 38, 
Iw. 4F. 
»  Wiltshirei, Wright-|*]1}-|-|-1}-{-]7]-]-|-|-]-|-|-|1Mm 7#a. 
Phymosoma princeps, Hag. 
(see Cyphosoma). 
Pseudodiadema _ Benettiw, | *|1)]2)-|-|-|]-|-|-|]-{-|]-|-|-]-|1MB. 2 Dev 
Forbes. 
" Bonei, Forbes. 
(see Michelini). 
5 Brongniarti, Ag.) *|-|-]3]-]}-}-|-|-|]-|]-]-|]-|]-]-|3F 
iv Fragile, Wilt. (see) ~ 
Helicodiadema). 
5 Mackiei, *)/1)2/3)-}-)-)]-]-]-]-]-]-]-]-1|2 Ch, Dev. 3F. 
S.P. Woodw. 
“ Michelini, Ag. |*|~-|2]-|4]-|]-|-|]-]-|-|-|]-|]-]-|2Dev. 4F. 
* Normaniz, Cott.|-|-|-|3/4}-|-|-|-|-|]-]-|]-|]-|-|38 4m 2 
i ornatum, Goldf.|*|1]2/3)4/-|-|}-|-|-]-]-|-|-]-]1 MB. 2 Ch, Dev. 
3F, Hun, IW. 4F. 
” pseudo-ornatum,|-|-|]-|-|4]-]-/-]-]-]-]-]-|]-|]- 7 
Cott. 
‘“ Rhodani, 4g.|*|-|2]/-|-|]-|-]-]-]-]-|-}-]-|-|2cn. 
‘i Roissyi, Desor. 
(see variolare). - 
i tumidum, Wdw. 
(see ornatum). 
7 variolare, *1 1/2/38) 4)-J]-|-|-lel-]-]-]- 1 MB. 2 Ch, Dev. 
Brongn. 3Common. 4 F, 
Pygurus lampas, de la Beche | *|-}2}-|-|-|-]-|-]-|]-|]-|-]-]- | 2Dev. 
_Pyrina Desmoulinsi, d'Arch. | -|-|2])-|-{-}-]-]-]-|-|]-]-]|-|-] 2 Dev, Ch. 
» levis, 4g. - -|*{-12]-|-]-]-]}-]-]-]-]-]-|-]-] 2 Dev. 
»  ovulum,Lam.- -|-|-{2])]-]-]-}-]-]-]-]-]-]-]-]-] 2 Dev, ch. 
»  Lratti Forbes (see 4 
Desmoulinsi). 
Salenia Austeni, Forbes -|}-|1)-|3]4)-|-|]-|]-|-]-|-|]-]-|-]1MB. 3F,Be. 4Nor. 
» ef. Austeni, Forbes -|-|1)-|-|-|]-|-|-]-]-|-]-]-]-]-]11w. 
»  Clarki, Forbes- -|-|-|2|)3]-}-|}-]-|-|]-|]-|-]-|-]-]| 2 Dev. 3F. Sus. tw. 
» geometrica, Ag, -}-]-)/-|-}-]-]~-]-]-[-]-] -|12]13] - 12 bal 13 Nor, Sal, 
a. 
» @ibba,4g.- + -|*)/-|]2)-|-]-]-]-]-|-]-]-]-|-|- | 2 Dev. 
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i a, 
: ay F 
omer | (Afle| upper chan! 
: 4 
R q ‘|: F : my 
‘ols E ‘3 ‘6 4 g rae 
elSia|a g|. Ble a |. 
21/9/83) 3 3 an a|‘'S slald 
8/2\2|"|2|g/2)2|4)s| 2) se] 2/8] 2 LOCALITIES 
SPEUIES. 2\8|2\8|=/2)2/3/2/3/2/8)2151 3 
8/2) 8l<|/3/2/5)2)5/38196) 8) s)2)4 AND REMARKS. 
2lelel[s|2)|e els] *)e2)°) 2) 7 818 
BlslSlelslelslslsleisialeisls 
alela| Si Bl<|S|a)5] s/4lalajals 
2(Ele(Sl]3/e/3]s/s|2/ 3/33] 3] 3 
ais|2/a)2/2i8(2\sisisialgigig 
o/s |) 
BIS(AlSISIS|S|S[S[N/S/SISIS/S 
*1112/3)4/5] 6] 7) 8| 9}10)11) 12113] 14 
ECHINODERMATA—Cont. 
Echinoidea—Cont. 
Salenia granulosa, Forbes -}|-|-|2|3|]-|-|6| 7] 8} 9]10] - |12113|-|2Dev. 3IW. 6 Do 
IW. 7 Do, Sus. Dev, 
He. 8Dev. 98D, 
WE, Sus, IW. 10 
Ha, WK. 12 Ha, 
IW, Sal. 13 Sal. 
ND. 
» petalifera,dg.- e@|*|1/2)3)-|]-]-|]-]-]-}-]-]-]-]|-| 1 MB. 2Dor,Ch, Dev. 
3 F, Sus, IW. 
» Magnifica, Wright -{-/-}-]-]-]-]-]-]-]-] - [12)18] -] 128al. 13 Nor. 
» Minima, 4g. - -|-]-}-]-y7-]-]-]-1-]-]-|- [12] -]-| 12 Ba, Sal. 
Se BPs Bs T -f-|]-t-]- -{-]|-|-]-]-]14] 14 Tr. 
Stegaster (see Cardiaster). - 
Trematopygus sp. nov. -|-|-J2l-]-|-]-]-]-]-|-]-}-]-|-] 2 dev. 
Asteroidea and Crinoidea. 
Antedon laticirra, Carp. -|-|-|-|-]-|]-.J-]-]-]-|-]-]-]-]- | Ue. Wilts. 
e Lundgreni, Carp.- | -|-}-|-]-]-]-|]-]-|-]-]1]-]-]-] 21 Mar. 
3 paradoxa, Goldf. -| *|-|-}-]-|-|]-|]-|]-|]-|]?]-|]-]-]-] 210 Do. 
* perforata, Carp. -|-|-]-|-]-]-|-|]-|]-]-]-|11]-]-]|- | 12 Mar. 
i. striata, Carp. -|}-J]-]-];-7-]-]-]-]-]-|10] -]-]-]- | 210 Do. 
ai rugosa, Carp.- -|}-]-]-]-]-1-]-]-]-]-]-]-]-]-]- | UC. Sussex, 
Arthraster Dixoni, Forbes -|-|-}-}-]|]-]|]-]-|-|-]-]- -|-j|-| MC. Sus. 
Bourgueticrinus ellipticus, | - | -|-|-|-|-|-|-]-] 9 ]10]11]12]13] - | 9t0 12 common, 18 
Miller. Sal, IW SD. 
si sp.nov. -|-|-]-]-|-|]-]-|-|-] - ]10]11]-|-]-] 10 Ha. 11 Ha, Sus. 
Calliderma latum, Forbes -|-}1]-|]3]-|-|-|-]-]-|-]11]12/18]-|1MB. 35, Sus. 10 
WK. 11 Ha. 12 Ha. 
13 SD. 
» mosaicum, Forbes- -}-|]381)4]-]|-1]7]-]-]-|-]- -|3F,S8us. 4F. 7Do. 
a Smithie, Forbes -|-|-|-|3]4]-]-]-]-|-|]-|-]-]-]|-|?3F.. 4 Sus, Kent. 
7 spe = afelofsjele|=)-1- fopats [a 10IW. 111W. 
Glenotremites (see Antedon). 
Goniaster (see Calliderma, * 
Metupaster, Nymphaster, 
Mitraster and Pentagon- 
aster). 
Marsupites testudinarius, -|-j}-}-]-|]-]-]-]-]-]-Ju]-]-]- | 11 common. 
ichloth. : 
Metopaster Bowerbanki, -|}-]-]-]-]-]|-]-]}-] 9 |10] - jaz] - | - | 9 NW. 10 WK. 128al. 
Forbes. 
rr cingulatus, Sladen Pal ee se Ge ke -|-|9WK. 
+ cornutus, Sladen -|-|-}-|-|-|-|6|]-]-|-]-]-|-]|-]|-]| 6 Dev. 
»  Mantelli, Forbes -| -|-]-|-|-|-|-|-]|-] 9/10] - 13| - | 9Sal.10WK, Sal, NW. 
: 2 i Nor.- 13 Sal, Nor. 
si Parkinsoni, ~{-|-]-]-|-|]-1]7/-]-|10]11]12/13) -| 7 Ha. 10 and 11 
Forbes Common. _ 12 Sal, 
Ha. 18 IW, Sal, 
»  semilunatus Park. aoe 
(see peel. 
»  sublunatus, Fores 
(see uncatus). 
»  uncatus, Forbes -)-|-|-|-|-|-]-]|-]|- | - |10]11]12)13| -| 10 WK, Sal. 11 Sal. 
12 Ha, Sal. 13 Sal. 
» wonatus, Sladen -|-|-|-|-j-|-|-|-|-|-]10|-|12|-]|-| 10 Ha, WK. 12 Ha 
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. Lower Mid'le 
Chalk. Chalk, Upper Chalk. 
= : 
os yl . 
| Ala g g 
cr) -| a1 8 a : 
d ale a 74 oe & sl 
als|2l#le| eld]. (4/ a) [lela 
2138/31 e/S/ 8/8/51 2/3| 21 g/8/ els LOCALITIES 
SPECIES. PAG § 2) 22 /8/8/8/28)8| S| 8/2] avo pemanns. 
2ls/als|2/*/B/s/ale| oie] eal 8 
9 SlofalslPelalal Sls] ale/alys 
m C ° -_ 
2/38 (slHlslzle (=| sl=|4\= (S16 
3/8] alal3|sl s/s] s/S)/s] s/s] s/s 
i= Ool=sia o oa; o 
2/415 alelglalalelelalalala 
5 3 
2/2 /218|/ 888/818 |s(S/S|s|/s{s 
*11/2/)8] 4/5]6] 7] 8) 9 | 10,11] 12) 13/14 
ECUINODERMATA—Cont. 
Asteroidea and Crinoidea— 
i Cont. 
Aitrestereom pete ee -J-|j-]-d-]-[-]-]- -|-|]-]-]- bea Pa 
unteri, Forbes -|-|-|]-|-]-]-|-]-|-]-]10]-]-]-]|- al, 
ne rugatus, Forbes -f-|-]-]-}-]-]-|]7]-]-]lo]-j12]-]-] 7 IW. 10 Sal, Ha. 
2 Ha. 
Nymphaster Coombei, Forbes] - | - | ~ | 3 -|-|]7]-]-]10]-|-]-]- | 3Sus. 7Sus. 10 WK. 
ay marelne as +-f-]-]-]-]-]-]-]-]-]-] - ]12]-]-] 12SalL 
aden. 
i oligoplax, -}- ]-]-]-]-]-]-]-}]-]-]-]11]/12] -]-] 11Sal. 12 Sal. 
den. 
Ophiura serrata, Roem. -|-|-]-]-]-]-]-|-]-]|-]10]-]-]-|-] 10 Ba. 
oreaster Bayon Former |= |=P=/Z]Z]IPZ]L]C] 2 foo] 2 fag} =|] do Wik. 22 sat 
reaster si, Forbes- -|-|-|-]-]-|]-|]-]-|-]- “ -{- ‘ ‘ 
5 bulbiferus, Forbes |-|—|-|—]—1-|=| =| =| =|10| = |12/18] = 10, Ha. Ha, Sal. 12 
a. Sal. 
»  coronatus, Furbes- -J-]-]4]-T-?T-T-]- -|-|f- 4 Kent, Sus. 
»  -obtusus, Forbes - -|-]-]-]- -/-|9]- 12] 13] - Poe 12 Sal. 18 
al, Sus. 
»  ocellatus, Forbes -}-]-|-|-]-]-]-|-]-|-|-|1]12]18] - | 11. to 13 sai. 
a pistilliferus,Forbes | - | ~}-|-|-]-]-]-]8]-|10/11}-|-j|- | 88D. 10 Ha. 11 Nor. 
»  squamatus,Forbes-|-]-|-|-]-|-]-]-]-]-]-]-|]-]-]-| UC. Kent. 
» spe - + -f-J-]-]-]-]-]-]-]-]-]10l-]-]-] - | 10 Mig. 
Pentacrinus Agassizi, Hag.|*}1]-|]8]4]-]6]71]8] 9/10/11) -| - |14 1s Canty. “ Cam, 
ev. . San 
9common. 11 SD. 
14 Tr. 
oi Bronni, Hag. -}-|-|-|- -}-]-]-]- o -j-]-]14 au 
‘ sp. - + -J-}-]-]-|-]-]-]-]- -|-|-|- . 
Pentagonaster lunatus, -|-y-T-l-}-]-]-[- 10] — | -|138|-|10Ha. 13 Nor, Sal. 
oodw. 
a menor -}-]}-}-]-|-}-]-]-]97l0juy-]-]- lene 10 Sal, WK. 
aden. al. 
2 Pe sp. e oS bs = -|-|-[-]-]-]-|12]12] - | - | 11,12 Yo. 
Pycnaster angustatus, Forb. | - |-}-|]-]-]|-|-]|-]- | - {10]11]12/13] - ae aa mere 12 
é al. 
Stcllaster Comptoni, ane -]-|- ]-]-]-]J-]-d-]-7-d-]-[-]q7- ae unknown. 
elegans, wrbes }-|1}-}-}-]-;r-t- }rto-dr-pod- dodo . 
Uintacrinus westfalicus, -}-]-]-]-]- -|-|- 11] -]-}-] 11 Mar, Sus, Ha, Sal. 
Schliit. 
ACTINOZOA. 

Axogaster cretacea, Lons. -|-|-|-|-|4]-|6]-| 8 | 9 )10)11)12)13)14 ‘WE re ESD, 9 
WK. 0 12 com- 
mon. 13 IW, SD. 
14 Tr. 

Bathycyathus a *lifa};-[-|]-1-]-|-]-]-]-[-]-]-]12W. 2ch. 

Caryophyllia lindracea, | - | - | - | - ~|-]-]| 8] 9 |10]11]12]13] - | From8to11 common. 

seis . Reuss. 12 Yo. 138D, Nor. 
»  Lonsdalei, Dune.| -}-]-]-]-|-|-]-]-]-]-]-]-]-]- _ 
a Tennanti,Dune. |-]|-}-]-|]-j|]-]-]-]-]-}r-]-y- dr lo = 
Coelosmilia cornucopie,Dunc.| -|-]-|-]-]|-|-]-}]-]-]-]-]-]- [14] 142. 
vy oplindvies, Dune: | T= PI)=PZPZPZ{DPZ|CIZ | se] ia] =| esate a3 nor 
a fxn GH. -|-|-|-]-[-]=] =|} =| =| - |atfiz|as| - | iar. sp. i2 sa, 
m = Mar, SD. 18 Sal, SD, 
| 12 8ai 
regularis, Tomes |-|-|-|-]-|-j}-|-|-]-{-]-[2)-1- al. 
Hs Wiltshirei, Dunc.| - | -|-|-|-|- T}-]-}-]-]-|13] - | 13 Nor. 
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Lower Mid’le| 
Chalk. | Chalk, Upper Chalk. 
i |. 
a ala g x 
-| a] 2 ‘ g | 
alsizel2Z Bl. g eld 
.}e138 3 Sia z= S|. 
a8] a/ £2] al212) e148) el 81 2| 
SPECIES. 2/8/42] a]s/e/S/2/2/ 2/2/21 4| 8/8 LOCALIEIES 
BIS | sialsl/elale/8/ 2 Bl S|3|2] vp Remarks, 
ale els] 2|=|2/8/| 2/8) 2) 514] 3 
- Jals| Zz sisl/sieBlsls|slsligield]s 
> (ele Sl S/H alm lala| s/Ala/2/ais 
ZlE|al=l3/3/313/3/2/3/3/ 3] 3/3 
2/2/5/2/818/2]2/alei sisi ai ale 
BIS/ASISISISIS|S[S/SIS/S/S/s 
i 1) 2/3] 4|5|6]7] 8] 9|10)11] 12/13] 14 
ACTINOZOA—Cont. 
Ceelosmilia, Woodwardi,Dunc| - | - | -|-|-|-|-|-|]-|-]-]-]-|-|- | Loc. unknown. 
Diblasus grevensis, Lonsd.- | -|-|-|-|-|-]|-|-| 8] 9 |10]11/12]13/14]9WK. 19WK. 12 
Sal. 13 Nor. 14Tr. 
” new gp. - -J-t1}-f-)-[-}-]-]-1-]-]-]-]-[-] 1 Cam. 
Epiphaxum auloporoides, | -|-|-|-|-]-j|-j)]-|8 |9]10|11] -|-]-]|8Do,8us. 9 Do, Sus, 
Lonsd. WK. 10 Ha, EK, 
Sus. 11 Sus, Tr. 
Micrabacia coronula, Goldf.|*|1]2|]3)4/-|-|]-]-|-|]-|-]-]-|]-|1 passim. 2 
passim. 4 F. 
» sp. + ste patel Pape teres Pope pa be jada 7 Me. 
Onchotrochus Carteri, Dune.| -|1]-}-|-]-]-|]-]-|- d- ~}|-]-|1 Cam. 
"5 serpentinus, | - | - 3]4|-]-|]-]-|9)10] - |12]13)14] 3 IW, Nor. 4 Nor. 
Dune. 9 WK. 10 EK, WK. 
3 Ha. 13Sal. 14 
Tr. 
Parasmilia centralis, Mant. |-|-]-|-|-}-|6|7 | 8 | 9 |10)11)12]13| - | 6Do, Dev. 7 Do, Dev. 
8 to 13 common. 
as »Var.graveseana,| -|-|-|-]-|-|-]-|-]-]10}11]/12|-|-|]10EK. 11 Mar, 12 
EB. & H. Sal. 
i » var, Mantelli, | -|-]-]-|-|]-]|-]-]|-|- 10] - ]12]13| - | 10 EK. 12 Sal. 11Sal, 
EL & H, 
» cylindrica, E.dH. | - | - | - -}-|-]-]-]-]10] - | -]13] - | 10 EK. 13 Nor. 
»  Fittoni, Z. é W.-)-|]-}-|-]-|-]-]-|[-] -]-[)12]13 11 Mar, Sus. 12 Sus. . 
$.D. 13 Nor. 
»  granulata, Dune.- | -|-}-|]-]|-}-|-]-]-] - )20;11)12] -] - eg 11 Mar. 12 
? us. 
5 monilis, Duse, -|-]|- -j-[-|- -|}-|-J11]-|-]-]| 11 WK, Yo. 
ae serpentina,E.&@H.|-|-|-|-]-|-]-]-]-]-|10{tL]-|-]-] 10Sal. 11 WK. 
Smlotrochus elonyalus (see 
Bathycyathus). 
Spinopora Dixoni, Lonsd. - | - -|-|-]-]-]-]-[ 9] -]11112] - | - | 9 WK. 11 Sal. 12 Sal. 
Stephanophyllis Bower- -{-]-]-]-J-]- -|-|-|-|-|-]-]| LC., Dover. 
panki, A.&@H. 
a Michelini,Lonsa] -| -| -|-]-]-]-]-]|-]|- {10} 11] - | 18] - | 10EK. 11 Mar. 13 SD, 
aa numismalis, ~}-]-}-]- 1-]-]-]-]-]-]- }12]-| - | 12Sal 
Tomes. 
Synheliasharpeaua, F.d H.|-|-|-|-|-|-|]-}]-]-|-]']-]-]-]-]| 20 Sur. and Kent. 
Trochosmilia sp. 1 - - 1/-|3]-]- - -|-|- -|-|1IW. 38IW. 
a sp. : -|-|-|-{-|]-]-]-]-]-]- 13/14) 18IW. 14 Tr. 
HYDROZOA. . 
Parkeria spherica, Carter. |-|1]2]-|]-|]-|-|-|]-]-|]-]-|-|-|-|1Cam. 2 WD. 
» 8p 
SPONGIDA. 
1. Calcareous Sponges, 
Elasmostoma lat */1}a}-]-)-]-]-]-]-|]-]-]-|-]- | 1 MB, IW. 2 Dev. 
1D, 
ms crassum, Hinde} -|-|-|-]-]-|-]-]-]-]-]-]-]-]- | Up. Chalk, Bromley, 
“i scitulum, Hinde] -|-|-|-|-|-|-]-]-|9]10]-|-]-|-]|9Sus. 10 WK. Up. 
Chalk, Kent. 
” sp. Be a -|2}-]-]-)}-)]-1]-]-]-]-]-]-]|-]| 2 Dev. 
Pharetrospongia Strahani, | - | 1] - -|-]-{]7]8] 9 |10]11]/12]13| -]1 Cam. 7 Do. 8Do. 
Sollas. Sus. 9 to 12com- 
mon, 138D., 
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Lower Mid’le salle 
Chalk. Chalk, Mepee nal 
s 5 . 
g| |dlal |. gig 
Oo] ./ 38 . * 
3 5 El. Be ; 
(|2/2/8]2| /2]] (213) |2lgla 
g/2lq|-|3|s/5/S| s/s! 2] 8/2 lle Locabrrins 
SPECIES. Ela|SlE/Blel</4]4|3]2/4/2) 5/8 R g 
e Slelels| 8) s)B)s| 3/4 AYD REMARKS. 
2lz/ 8/3] 2|=|2/4/=/ 2/8] 2) &|4/ 3 
3/18 ef lias! a 5 s|a|/8 
ARB eee cee 
s/E/ele/2]s/s/s/s}S/ s/s] s/s] 
2/5) 2/2/a\eigig(gl=iels/2/a] 3 
BEISIAISISISISIS(S[slSis/Sisis 
*?)112/)3]4/5}]617] 8] 9]10) 11] 12/13/14 
SPONGIDA—Cont. 
1, Caleareous Sponges—Cont. 
Tremacystia d’Orbignyi, -}-)2]/-]-]-]-]-]-]-|]-]-]-|-]-] 2 Dev. 
Hinde. 
7 i siphoneiess -|-]2}-[-]-|]-]-]-]-]-]-]-]-]-] 2 Dev. 
Porosphera globularis, Phil. | - | 1) -|-|-|-| 6] 7] 8] 9 |10)11]12/13]14] 1 MB. 6Do, Sus. 7 Do, 
Ha, Sus. 8 Do. com- 
mon from 9 to 138, 
14 Tr. 

3 pileolus, Lam. -}-|1)-|]-|]-]-]6]-]8]| 9 |10]11]12/13/14] 1 MB. 6 Do, Sus. 8 
IW. common from 
9to13, 14 Tr. 

ee urceolata, Phil. 

(see pileolus) 

» Woodwardi, Carter.) - | -|-]-}]-]-]-]-] 8] 9 |10]11]12]18]14] 8 Do. common from 
9to13. 14Tr. 

2, Siliceous Sponges. 

Acanthoraphis intertextus,|-|)-|-|-|-}-]-]-|-|-]-]-|-]-|-] up. Chalk, Kent. 
Hinde. 
Aphrocallistes sp. - “J-J1l}-}-]-};-]-]-]-]-]-]-]-]-|]-] 1 MB. 
Aulaxinia costata, Hinde -|-]-]-]--]-]-]-/]9]-]-]-]-|-|]9WRK. 
Bolospongia eonnyTE Ts -;-}-]-]-]-)-]-]-]-]-]- [12] -]-] 12 Yo. 
e. 
globata, Hinde |-|-|-|-]-|]-]-|]-|-|]-]-]|-]12]-]|-] 12 Yo. 
Brachiolites (see Craticu- 
laria). 
Callodict;on augustatum,|-|-|-]-]-]-|]-]-]-]-|-]a1]-]-]-] 11 Sus. 
Hinde, 
Callopegma ficoideum,Hinde| - | -|-|-|-|-|-]-|-|]9]-]-]-]|-|-]9WK. 
» obconicum, Hinde}-|-|-|-|-|-|-|-]-}|-]-]-]-]|-]-] Up.Chalk, 8. Eng. 
» Sp 7 # ef-}1i-;-]-]-]-]-[-]-[-]-]-)-]-]1i7. 
Camerospongia aperta, -|-|]-]-[-]-]-]-]8]-]-]-]-]-]-] 8 Do. 
Hinde. 
2 campanulata, |-|-|-|-]-|-]-|7]8]-]- -|-]|-] 7S8us. 8 common. 
T. Sintth, 
» capitata, 7. Smith|-~|-|-|-|]-]-|]6]7]8]-]- fiji] -|- cae v4 Ry eem ll 
‘i oO. 
“ ,  subrotunda, -|-]-]-]-]-]6]-|8]-|20] - |12]-| - | 6 Ha. 8 Do, Sus, NW. 
Mant. 10 Ha. Nor. 12 Ha. 
Cephalitesalternans,7.Smith| - | -|-|-|-|-|-}-]-]-]-|-|-|-]|-] Up. Chalk, 8. Eng. 
ie Benettie, Mant.|-|-|-|-]-|-|6]7]8]9]-]-|-|-|-|6 Do. 7 Do. 8 Do. 
9 WK, Do, and 
Lewes, ‘Sussex. 

* bullatus, 7. Smith} - | -| -|-|-|-]-]-]-]-]-]-]-]-]|-] Up. chalk, s. Eng. 

a catenifer, T7.Smiti| -|-]-|-|-}-]-]-}8]-]-]11]-]-]- 8 Do, Sus, 11 Mar. 

7 compressus, Smith} -|-|-|-]-]-|-]-|-|-]-]-]-|]- 

(see catenifer). 
‘ni guttatus (see long- 
itudinalis), 
. longitudina'is, -|-|-]-]-]-]6]7;8]-]10]/1;-]-]-] 6po. ie, 8 Do, Sus. 
. Smith, 10E 11 Mar. 
paradoxus, Smith |-]-|-|-|-]-]-]7]8|-|10]-|-]|- ,~ | 7 Ba. ‘ Bd. 10 Ha, 
a perforatus (see NW. 
Tremabolites). 
Chenendopora seo -f1l}i-}-]-]-]-]-]-t-]-]-]-]-]-]1 MB. 
itt. 
Cincliderma quadratum, -}-]r-]-]r}r to y-dcop co }c]-y-t-]- | op. chalk, 8. Eng. 
Hinde. 
Cliona cretacea, Portlock -|-|-|-|-]-]-]-]7]8 | 9 |10)11/121/ 13) - ee Sus. 8 Do, Sus 
oe ae ae a 9 to 12 common. 
18 SD. Nor. 
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Lower Mid'le Prac 
Chalk, Chalk. Upper Chalk. 
: eS ; i Ta : 
a] (gla| |e : ae 
a 
~ SafEvSTEIE! le] gle) [2/2 /¢ 
< a) ./S1 2. = bs i 
SPECIES. e1S/Slalsl2i°|s|2i2|s|2/3ieie| cum 
B\21 8/418 84/313] 8| 5/8) S| s)4] anv Remarxs. 
Slelals|2!/= s/s) S12) 5) 3) oa] 38 
&la|eleld/d/e/8]s|sislaleleis 
ele/8|elBl<|=/a/8] s/a|a/</als 
ARBRE 
2/8 /4/8|8/8[8|8|Sla(alaiaisls 
*“)1}2)3)4)5] 617 | 8) 9)10/ 11] 12] 13] 14 
SPONGIDA—Cont. 
Siliceous Sponges—Cont. 
Cliona glomerata, Morris -)-|-])-|-)-)-|-]-]-}-]-Ja}-|3|-]8 Nor. 
Cosloptychium gee a eletq - -|-|-|- 11] 12] 138] - | 11 Yo. 12 Yo. 13 Nor. 
‘old f, 
rh deciminum, | - | -|-|-j}-|-]|-|-|-]-]-] 7] 7- [13] - | 18 Nor. 
Roemer. 
: CPM Md eal ra nc fo ats fae bee md al fig Ors ee er = 
Coscinopora infundibuli- -|- -|-q- 819 |10/11]12]13| - | 8 Do, Ox. 9, 10, 11 
formis, Goldf. ’ fomnay as as, 
. Nor. 5 
. bhi! Nor. 
es quincuncialis, | - | - | -|-|-]-|-}-) 8] 9120] -]- |18) - 8 NW, Be, Es. 9 WK. 
T. Smith, 10 NW, Es. 13 Nor. 
sp.- oo de-d oleic tol dicicicd dcdcdc dc — 
Craticularia Fittoni, Mant.|-|1|-|3/-|-|6@|7|8|9|-|-|-|-|-|1 2_8 Sus, IW, sD. 
(=Brachiolites digitatus, 6 Do, Sus. 7 Do, 
Smith, and Dendrospongia Sus, Dev. 8 Do, Sus. 
fenestratus). 9 Do. 
Craticularia subseriata, ~-|-]-]-}-}-]-]-]-]-]-]-] 7 [18] - | 8 Nor. 
a Roemer. 
” 5p. ‘ Ps ee mt ad = af 7 = a 7 = a re bow ae = - — 4 
Dei erie (see Craticu- 
aria). 
Diplodictyon Ragen, . -|-]-]-]-[-]-]-]-]-]-]-]- [18] - | 18 Nor. 
mde. 
Doryderma ramosum, Mant. | - |} -|-|-]-| 7 6| 7] 8} 9 |10/11)12) 13] - oie. EP. aD, Sus. 
and 10 Common. 
11 Mar, Ss, Mid. 
12 Sus, SD. 13 Nor. 
iy Reemeri, Hinde|}-|-|-|-]-]-]|-|-|}7p trict pct cds 9 WK. 
FS I Ons Bt Old add Oa Odd lel Oe el Ded One Oe ee OO _ 
Etheridgeasp. -- - .-|-|-|-|-]-|-]- 8 am ~|-| 8 Es. 
Guettardia anaes 
‘see ste . 
sy stellata Meck, x -|-]-|-]-]-] 6] 7] 8] 9 [10/11] 12/18] - ODS, Bus. 7 Taste. 
ev. com- 
mon. 11 Mar, Sus. 
12 Sus, SD. 13 Nor. 
Ballirhoa agaricifcrmis, -Jal-|-|-]-]-|-]-]-]-]|-]-]-]-] 21: - 
tat: ge 8 , 3D 
5 eostata, Lam, -|-}- | 7- Sale| ail escent owete Peso eee leseeal lea = or. 
Heterostinia obliqua, Banett|-|-|-|- -|617)8 ]9|10)11)12] - | - #00. 7 Te ae eee 
: us, SD. 9 an 
common. 11 Do, 
Sus, SD. 12 Sus, SD, 
; Yo. 2 
Isoraphinia tecta, Roemer -|-|-|- |) -] 7 -}-|-]| -]12) - | - | 12 Yo. 
Jerea cordiformis, Hinde -|-}-|-|-|}7- -|-|-]|-]-]-]|- | 3or4 Do. , 
» excavata?, Mich. -l-]-J-|]-]- ~|]-|-]-]-]-|-] Up. Chalk, Wilts. 
»  Websteri, Sow. - -}* 7 1t-]-]- -|-|-|-[-}-|-| 71. — 
sp. - ~-J-{-]-|-[- ~[-f-d]-]-1-[- — 
Jereica clava, Lee. -  -|-|-]-|-|- ~|-]-|-]12] -]- | 12 ¥o. 
Leptophragma awit, -|-]-]- -~|-|-j-]-]-|-] Up. Chalk, 8. Eng. 
On R 
5s Moreh eta, -|-]-]3]-]-]-] 7] 8] 9 | 10) 11) 12) 13] - aie ee Fes 
olds. 10. jo, Sus. 
. 10 EK, Sus. 1 
Mar, Sus. 12 Sus. 
13 SD 
Manon marginatum Phil.-|-|-|-|-|-|7- -|-]-]-|- 12] -|- | 12 Yo. : 
Nelumbia tuberosa, Hinde-}-|-}-|3]-|]-|}-]-|-]-|-]-]-|7]7 De Aa Ag Up. 
. Eng. 
” oe ew we fe tele fable] =lele|=[-[<f> Feu” 
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Lower Mid'le Chalk 
Chalk. Chalk. Bepet Ohalk. 
e : g . 
al. = dl |_|. 
Vigil Bal [elg)_laldlg 
le lelalsislelsials| eis lslels LOCALITIES 
SPECIES. E 21/2 Bla 3 a 3 ‘Bl s|s|4 AND REMARKS. 
2/e) els] 2/5/22 /S12|8|2| e/a] 3 
2 F}olSislelelsls J es/alB 
m | GC) alo] so = o> 
& e g 8 Hiaiale|a 6|4 3 </a/S 
EZ] sla|S/S/5/e/S/ 2/3) 2s) 5/3] 
z/Sisia sl2iei|eielejaisiala 
o > 
£/818/6/8/S/8/8|SlsiSiSisisis 
* 7112/3] 4/5/6]7] 81] 9]10)11| 12] 18] 14 A 
SPONGIDA—Cont 
Siliceous Sponges—Cont. 
Nematinion calycuium, -]-]2)-]-)]-);-]-]-]-|]-]-|-]-]-] 2 Dev. 
Hinde i 
sp -  - -/-J]-]2]-]-]-!-]-]-]-]-|]-]-]-]-] 2 Dev. 
Ophiraphidites anastomo- -|-j-|-|-;-|]-|]- 10}11}-]-|-] 101K. 11 EK. 
‘sans, Hinde 
Ophrystoma micrommatum, -}-]-]3]-]-|]-]-]-]-]-]-]-]-|-]| 81W.andDo. (Grey 
Hoemer Ch.) 
Pachastrella convoluta, -/|-|]-]-]-]-]-]-]-]-]-]-]12]-]-] 122 Yo. 
Hinde 
Pachinion scriptum, Hind-- | -}-|-|-|-|-!6]7{/8]|9]to/11/12!-|-|6Do. 7Do. 8Do. 9 
Do. WK, Sus. 10 
Do, Sus. 11 Do 
Sus. 12 Yo. 
Pholidocladia dichotoma,, -J-J-]-/-]-}-f-]-]-!-]-]-|]-]-] Uc. Wilts. 
Hinde 
i ramosa, Hinde | -|-|-|-{-|]-|-]7]8]9]10]11/12]-|-]7 Do. 8 Do. 9 Do, 
WK, Sus. 10 Do, 
be Sus. 11 Mar, Sus. 
12 Sus. 
Phymatella intumescens, |-|-}|-|3]-j-|-]-]-]-|-|-|-]-|-| 3Sus. Bk. 
Roemer |. 
a reticulata, ~ -}-}-]-J-]-]-]-]-]-]-]- ]121-[-] 12 Yo. 
e 
Phymaplectia evibeats,, -f-]-]-/]-]-1|-]-|]-|-|]9]-|-]-]|-]| 9 Wilts. 
Hinde }. wil 
is irregularis, -|-{-]-]-]-|]-]-]-|]-]9]/-|]-|]-|]-| 9 Wilts. 
Hinde : 
a scitula, Hind» ~}|-{-]-]|-]-}-]-]-]-|]-|]-]-]-] UC. Wilts. 
spinosa, Hinde }-|}-|-]-|-]-|-|]-]-|-]9]-|-]-]-] Wilts 
Placotrema cretaceum, -|- -|]-|-}-]-|[8]9]10]11] -|-|-]|8Do, Ox, Bd. 9Do. 
Hinds 10 EK. 11 Mar,17 
Pleurostoma. radiatum, -}-h-]-]-]-]-]-]-]-]-|]-]-|-]-] Uc. Sth Eng. 
Rewer 
Plinthosella compacta, -}-}-]-]-]-]-] 7] 8] 9 {10]11)12] -|-|7Do. 8 Do, Sus. 9 
Hinde WK, Do, Sus. 10 
KK, Sus. 11 Mar, 
: Sus. 12 Sus. SD. 
convoluta, Hinde |-|-}-}-]-]-|-]-]-|]-]-]-|-|-]-]| uc. wits. 
of nodosa, Hinde’ -|-}-|-|-]}-]-]-]-|- | 9 |10111] - |] - | - | 9 NW.10 EK. 11 Mar. 
and UC. Wilts. 
‘i squamosa, Zitt.- | -|-|-|-}]-|-|-]-]8]9]|10)11/12]13)-|8 Do. 9 Do, WK, 
Sus. 10 EK, Sur, 
Sus. 11 Mar, Sus, 
12 Sus. 13 Nor. 
ha eee ee |S ela eel nds pe Pele dee 
Plocoscyphia convoluta,|]-|-|-|/3]-!-|6|7]8]|9{10]11/12] -|-| 3NW. 6Do, Sus, Dev, 
T. Smith 7 Do, Sus. § to 11 
. 1 common. 12 Sus. 
3 elegans, T.Smith| - | -|-|-|-|-|-|-]-]-]-]-|-]-|-]| Uc. Kent and Sus, 
» _ fenestrata, -{1]-]38);-]-]-]-]-]-]-]-]-]-]-|]1MB.1Iw. 3 F, Iw, 
: T. Smith and L. C., Wilts. 
i ‘Mesiou. Mant.|-|-|-]-|-]-|-]-]8]-|]-]- -]|- | 8Bd.andUC.8th Eng. 
‘si foliace:, T. Smith) -|-}-|-]-]-)-|]-]-}]-[-]-]- ]-]- Les Sth Eng. ° 
» labrosa, 7. Smith] -| 1] -|3}-]-|6] 7] 8} 9 {1oji}-]- |] - , E, Iw. 8 com- 
nion, 6 Do, Sus. 7 
Sa Do, Sus. 8 Do, sus. 
4me : 9 Do, Sus. 10 EK; 
si Sus. 11 Mar, 
ca: umaandrina 
Goldf.(=labrosa). 
5 labyrinthica, -|-!-]-]-]-]-]-|]-]-]-]-]-]-]|-]| Uc. Kent. 
Mant. 
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i Lower Mid’lel fo ae at 
Chalk. © |Chalk{ | Upper Chalk. 
: = 7 
j is a san dal: ’ 
BT ol glal. lel: Bali d-| 
| Lf eS] S82] (Blal |eiali lela]. 
: 2 a] 5) 215 |4| 18/2] 212 | 2) a/ Stel Loca 
SPECIES. | 2/218] 8]5/2/5/2/5/2/e/S/ (88 vTHS 
~ SIT E/=(B/SIg/E/S/ 8/8] S/S] 5/4 AND REMARKS. 
— (Sel als] 2) a/21e/S/ 3/8) 2) elas 
| (alal al 2lslelelgls]sigle/slels 
; £lelsle|Sia/Ble/e] s/ala/zjals 
© fel Pala /s|s]s]s]s/s/s/sis] sis 
2/2|/5/2/3|212]2(2/ 3/212) 2/812 
. is} > 
© JEISIAS/SISSIS/8lslsi/s[s/sis 
*114)2)381]4)5)6)] 7] 81] 9/10]11] 12/13] 14 
SPONGIDA.—Cont. 
2. Siliceous Sponges. —Cont. , 
Plocoscyphia reticulata, -|1]-|}3)-)-]-|-]-|-]-]-|-]-|-]18us, rw. 3 1w. 
Hinde 
” subruta, -|-}-]38]-]-}]-]-]-]-|]-]-|]-|-]- | 31w. 
Quendst. 
vagans, Hinde -|-|-}|-]-]-]-|-|]-|]-]-|]-]-]-]-|-| UG. Kent. 
Polyblastidium racemosum, -~J-d-]-]-j7-]-]-]-]-]10]111 -] -|-] 10 EK. 11 Mar, 
T. Smita a i 
if tuberosum, |-|-|-|-|-|-|]-|]-}-|-|]-|]-|[-]|-]|- | Uc. Kent? 
T. Smith : ala 
Polyjerea arbuscula, Hinde-|-|-|-|}-|-]-]-]-]-|]-]-]-]-]-|-|.8 or 4 Dover. 
5 obata, Hinde -|}-|-|]-]-]-]-]-]-]-}-]-|-|-]|-]- | 8 0r4 Dover. 
Porochonia simplex, Smithe }-|-|-]-|[-]-]-]-] 8] -]10]11] 12] - | - | 8 Bd, Es. 10 EK, Sus. 
i 11 bus, Mar: 12 Bua. 
Ragadinia clavata, Hinde -|}-|-]-|]-|-]-]-]-]-|-=]-]-]-|-|-] Ue Wilts. 
i compressa.Hinde.|~}|-|-|-]-]-|-]-|]-|]9]-|-]-|-]—-] 9 Wilts. 
is suleata, Hinde -|-|-|-|]-]-]-]-]7]-]9]-1-|-]|-]|-| 7 Do, 9 Wilts. 
Scyphia pedunculata,Raemer |-|}-|]-|-]-}-]-]-|-]-]-]|-]12]-] - | 12 Yo. 
Scytalia fastigiata, L-e -f-}-;-]-]}-}- ]-]-]-]-]-]- [12] -]-] 12 Yo. 
»  Yradiciformis, Phil.- | -|-|-]|-}-}-]-]-]-]-]|-]11]12})-]-]| 11 ¥o. 12 Yo. 
» _terebrata. Phi. -|-]-]-]-}-]-]-]-]-]-]-]-]12]-]-] 12 Vo |. 
Selisoothun explanatus, -}-}-]r-]-]-]r}-]-]-]-]- [12], -]-] 22 Yo. 
Rem, in 4: $ 
planus, Pai’, | -|-]-}-]-]-|-]-|]-]-]-]-]12] -]-] 12 Yo. 
Sustrocladia furcatus, Hinde} -|-|-1-]|-|]-]-]-]-]-|-]-|]-]-—]|- | 3 or 4 Dover. 
Siphonia ficus, Goldf. - -|-{]-}-}]r-]-]-}-]-|]-]-|]-]-]-]-|- | 30r4 Dover. 
5i Keenigi, Mant. -|-|-|-|-]-|-]-] 7] 8] 9 | 10|11/ 12/18] - | 7Do,Ha. 8SD.Do.9SD 
Do. WK, Sus. 105D. 
Do.WK,Sus.11 Mar. 
Sus. SD. 12 Su, SD: 
13 SD. 
»tulipa, Zitt,.- = -|-)1]-|-]-|-]-]-]-]-]-]-]-]-]-]| 1Sus. Iw. 
Sporadoscinia capax Hinde | -|-|-|-]-|-]-]-]-]-]-|-]-]-]- | LC, Sth Eng. 
7 micrommata,}-|-|-]-]-]-|-]|-]-]-[|-]c-]-]-]- UC. Kent. 
Rem. 
Stachyspongia spica, Rem.|-|-}-}-|}-]-|-]-]-d-}-]-}]-]-]-738 o 4 Do, UC. Sth 
‘ ng. 
Stauractinella cretacea, -|-}-]-}-]-}-]-]-|]-|]-]-]-]18] - | 13 Norand UC. Sth 
inde, Eng. 
Stauronema Carteri, Sollas- | -|1]-]3}-|-]-|]-]-]-|-|-|-|-|-|15,5,1W, MB. 3Iw 
a lobatum, Sollas }-]1]-|]-]-]-]-|]-]J-|-}-]-]-]-]-7iF 4 
planum Hinde |-|-}-|]3])-|-]-|-]-]-j-]-]-]-|]-|3F: 
Stelletta inclusa, Hinte -|-|-]-]-|]-]-]-|7]8]9]10|11| -|-]|-]| 7Do.8Do. 9Do, WK. 
10 Sus. 11 Mar. 
Stichophyma tumidum, ~/-]- ]-]-]-|-1]7]8|9|10]/11]12]-]-]7Do. 8 Do. 9WE, 
Hinde . Do, Sus. 10 Do, 
Sus, SD. 11 Do, Sus. 
12 Sus, 
8p. a reels [ie ecp ee iras [im -}-]9]}-|-}-L-1- K. ° 
Strephinia convoluta, Hinde |-|1]-|38]-]-|]-}-|]-}-|-]|-]-]-]-- | 1Sus._3 Do, Hun 
»  reteformis, Hinde }-|}-}-|-|-|-]-]-|]-]-]-|]-]|-]|-]-|8or4 Do. 
Talpina dendrina, Hag -|-]-}-7-]-]-]-]-]-]-]-]-]-]-]=]14Tr 
i ramosa, Hag -|-;-]-]-]-]-]-]-]-]-|-]-]-]-]-] 141. 
» Solitaria, Haq -}-}|-]-]-]}-|]-]-}]-}-]-|]-]-}J-}-]- is bu 
Tethyopsis cretaceus, Hinde |-/|-]}-|-]-|]-|-]-|-]-]-]-]22]}-]- 
Thammospongia clavellata,|-|-}-|-|]-]-|]-|-]-|]-]-]}rd- ]-]- ‘Ue. Witte & Kent. 
Renett. x 
5% glabra,Hinde | -|-}-|-|]-]-|]-|-]-[]9]-]-|-]-]- 9 Wilts & Devon? 
: alae! 
Gd 
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f Lower Mid’'le 
; Chalk. [Chalk Upper Chall. 
a a a 
al lz.) |. g 
2lsj2)2] |5 28 ae 
.|8/3|5 sla a{4 3/8] ¢ 
ee a]s/o/F/4]. Elalelalels|sis 
$|3 #|2/3/ 2/612 3|3 e/8/5] 8 g LOOALITIES 
SPECIES. Ele) e/4/S/8l2/2/3/8|5/2/8/8|4| anv rumanus. 
Lic ais a |e & 4 [-") pie FA alg $ 
Cara ES ale als|s s{_3| 5 
2 o|> SIRI OLS Cab 
elelslssl</2lelsis/S/2/</8/8 
siSlsiISlSlsisislsiSlsisisisis 
elelelaialeigielelsieigigia| 2 
elalo * 
BIS|A(SISIS|SiS[Sisl(S{S/Sisls 
*)1)2)3/)4]5)6)7) 8) 9/10) 11} 12/13] 14 
SPONGIDA—Cont, 
2. Siliceous Sponges—Cont. 
Thamnospongia reticulata? |-|-|-|3]-]-|-]-|-|-|]-|-|]-|-]-]| 3F. 
Hinde 
3 sp. - -|-|-|]-]-]J- {- -}-| 9 10] - -|-]9WK. 10 Mar, Mid, 
Thecosiphonia nobilis, -|-|-l]-]-]- -|-]9]-|[- -|- | 9 Wilts. 
Roemer. 
” turbinata, -j}-/]-];-|-l-}-]-|-]91f-]-]-|-]|-] 9 Wilts. 
Hii 
Toulminia obliqua, Hinde. -{-]-1]-]-]-]-]-]-[-]-]2] -| -] - | 11 Mar, UC.S Eng. 
Tremabolites perforatnt, -}-|]-}-]-]-f}-]-[]8]-}-|]-]-|-]-]| 8 Bd& Uc.8 Eng. 
Smit. 
Trachysycon sulcatum, -|-]-|]-|]-]-]J-]-|-]-]-]-]-|]-]-| Uc. 8 Eng. 
Hinde 
Turonia variabilis, Mich. | -}-|-|-|-|-|-{-]-]-]-]|-|12] -]|- | 12 Yo. 
Ventriculites alcyonoides, | -|-|-|-|-j/-|]-]|7]8]|9|]10]-|]-|-j|-|7Ha. 8 common. 9 
Mant. Sur. 10 WK. 
a alternans -}-J-]}-]-]-]-]-]-]-]-|]-]-] 18] - | 13 Nor. 
( = infundi- y 
buliformis). 
FF angustatus, |-|-|-|-]-|]-|-|-|]8]9]-|-]-|-]-|8Bd. 9 WK. 
Remer. 
9 convolutus, -]-]-]-]-]-]-]-]-] - }10]11]12] - | - | 10 EK, Sus, SD.11 Sus, 
Hinde Mar. 12 Sus. 
» cribrosus, -}-]-]-]-]-]6] 7] 8] 9 ]10/11/12/13] -|6Do. 70Do,Sus. 8 
Phil. toll common. 12 
Sus,Yo. 13 SD, Nor. 
decurrens, -|-]-|]-]-]-] 6] 7] 8] 9 [10] 11]12/ 13} - | 6 Do. 7 Do, Sus, Dev. 
. Smith 8 to 10 common. 
11Sus, SD, Mar. 12 
Sus. SD. 13 Nor. 
i impressus. -|-]-|]-|-]-] 6] 7] 8| 9 |10}11/12/13) - | 6 Do. 7 Do, Sus, Cam. 
T. Smith. 8 to 10 common. 
11 Sus, 8D,Mar. 12. 
Sus. SD. 18 Nor. 8 
a infundibulifor-| - | -}-|-|-]-]-} 7] 8] 9 [10)11/12) -|-]| 7 Do, Sus, Ha. 8 
mis, 8. Wdw. », Sus. 9 Do, Sus, 
WK. 10,11, EK, Sus. 
12 Sus, Yo. 
i mammillaris, | -{|-|-|-|-]-]6|7]| 8] 9 [10/11/12)-|-|6Do. 7 Do, can ie 
T. Smith, common. 
Sus, BK. 10 EK. ti 
Mar, Sus. 12 Sus. 
»  moniliferus Roem. -f-;-}]-]-]-]-/]8]-|-]-]-]-]-] 81Iw. 
radiatus, Mant.|-|-|-|-]-|-|6] 7] 8 | 9 ]10}11] 12/13] -| 6 Do. 7 to 11 com- 
mon. 12 Sus,8D,Yo. 
13 SD, Nor. 
és quincuncialis 
(see Coscino- 
pora). 
A simplex (see 
Porochonia). 
Verrucoceelia tubulata, -|-/]-]-|]-|]-]J-]- - |10]11] -] - | -| 8Bd. 10 EK. 11 Mar, 
. Smith. 
0 vectensis, -{-}-[-}-]-]-]-]-]-}-]-]-]-]-] 32” 
Hinde. 
- -{-]-|-]-]-]-]-]-|]-]-]|u}-|-]-| 11 Ha. 
Verruculina nstrea, Hinde. i7t-P-d-d-d-]-t-}-}-]-]- p22] -]- | 22 £e- 
#4 miliaris, Reuss -|-]|-|-}|-]-}-}-|-]-}-]-]12] -]| - | 12 Yo. 
‘i papillata, }-]-|-1-]-|-]-]-]-]-]-]-]12] -]-| 12 ¥o. 
Hinde. , 
. pate ee -}-}-]-]}-]-]-]-]-]-]tpi2)-]-] ib Yo. 12 Yo, 
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THE CRETACEOUS ROCKS OF BRITAIN. 
Lower Mid'le 
Chalk. Chalk Upper Chalk. 
21 lela! lel | [dla 
gl. i 
o| .-|3/g3 Ly 
elolcn | a ¥>] a 
le/°)2] 4) sieldl ale tel lal el 
al". A= | ; 
SPECIES. elS|alaleleiclaizeislaiSteie;e}  tocuums 
BIZ/e/4/2/s/2/3/8(S15/8/S/3)4) svp rewarks 
Alelely| 2) 2/5) ele] ole a slg 
o ol] ~ ta = o;/u)] 6 3 5 «|e 
2 FlolslSislslSl sisi slslale 
elelsle(si2(@(ala| s/=/=/4/3/8 
e(Ele/2|3/3/5/3/ 1813/3] 3/3 /3 
5/eielale 2 gle/eisi/ele;e;el/e2 
Sia aja; Slel;ajelaisa 
BIS/AIS|S(S(S/S/S[s{S/S/S/S/s 
*]1}2]3]4}6}6]7| 8| 9{10] 12] 12] 13/14 
SPONGIDA—Cont. 
2. Siliceous Sponges—Cont. 
Verruculina pustulosa, shes Wee fc |e fle [es fees af fre) 18 as b=: | 18! Vo 
_ Hinde. 
” Reussi, McCoy |} -|-|-|-|-}-|- -|-|-|-]- ]12]- | - | 12 ¥e. 
fe sp. - = So (es) ey acini ee se -|-|-]12]- 12 Ha. 
FORAMINIFERA. 
Ammodiscus charoides, -|-|-|3l/a]5|6 7)/8|]-|-|-|-]-|-|3 Yo. 4 Nor, Lin, Yo. 
P. and 5 Do, He 6 Dor, 
He, Nor, Yo. 7 Dor. 
i 8 Nor. 
” sibaagkr -|-|-|-|-]-]- -|-]-]-jul-]-]-| 8 Yo. 
rady. 
iv gordialis, *|_|_|3l}a]5]67|-]-]-|-]-]-]-] 3 Yo. 4 Nor, Lin, Yo, 
_ Poa . He. 6 Yu. 7 Yo. 
oF incertus, */_|-|3]atel6 7]819 |:0]11)12|-|-] 3 ¥.4and 5 common. 
a 6,7 passim. 8 Nor. 
Yo. 9 He, Do. 10 
Dor. 11 Yo. 12 IW. 
ai tenuls,Brady.|*]}1|-]-|4)5]6 7})-|-|-|-|12]-|-]1 Cam. 4 Nor, Lin. 
. 5He. 6 Nor. 7 Nor‘. 
1z Yo. 
” sp.nov. - -|- | - 3\-|-|- -]-|-]-|-]-]-]-]3Y¥o. 
Anomalina ATAMODOW of. *li1}-[3]4]6}6 7] 8| 9 [10)11]12]/13] 14] Passim. 
Cuss. 
ii ariminensis, -|-|-|]-|J-|-]- -|-]-|-]- ]12/-]- | Be 
a’Orb. 
‘a clementiana, *li]-]-]-]-]- -!-]-]-|-]-|]-|-] 1 Cam. 
dOrb. 
4 complanata, *Jil-l3|-[5|- -|-|-]-]-]|- [18] -| 1. Nor IW. 3 Cam. 
Reuss. 4 BD. 6 Do, He. 13 
bl i 
grosserugosa, *lrl-|-|]-|-]- -]-]-|-]- |12]-]-] 1 Cam. 12 
i Giimbel. . 
5a: rotula, d@Oro. -|-|-|-|-)-|-|- -|8l-]- 12| - | - | 8 Yo. 12 Bk. 
oy rudis, Reuss =|") t)=|=let=|= —l= pa pr l= 1e1=]> Cam. 
4a new variety -|-|-|-|-|]-|5]- -|-]|-|[- - | He. 
Bolivina decorata, Jones. -|-})-|-]-]-|]-|- -]-y|-|-| 7 ]22]331- 12 W. 13 Nor. 
0 dilatata, Reuss -|-|-|-|-|-|-|- -|-|-]-]- | -| Bk. 
» - HObilis, Hantken -|-|-|-|-|-|-]- -|[-|-|-]7 12] - | -| Bk. 
;,  obgoleta, Eley. -|-|-|-|-|-|)-}- -}-j-dc-tcls 13| - | Wilts. 
»  punctata, d’Orb. -|-|-|-|-]-|-|- -|-}-]-][7- 12| - | --] Bk. 
»  strigillata, Chap. -|-|-|-|-})-|]-|]- =] -|-|-]7 12] - | - | Bk. 
»  textilarioides, *«|_]-|3}al-k- 7)-|]-]-|-]|12] -] -| 3 Cam. 4 Hun. 7 Dor. 
Reuss. 12 Bk. 
» 8p. nov. (ar -{-|-]-|]-}-|- -])-|-]-|-]22]- |] - | 22 Der. 
decorata ) : 
on sp. nov (nr -|-|- ela|e «t=lef=j~]=|= [4] Ts 
punctata.) 
Bulimina afflinis, 7@Orb. -|*|1]-] 3; &{5|6 748) 9 | 10) 11/12) 13) - Passim. 
i brevis, d Orb. -|*}1]-13!4]5]6 7] 819 ]10/ 11)12]13] — | Passim. 
i elegans, Brady *lil-|3|-|]-]- --|-]-|-]- ]22| -]14] 1 Cam. 3 Dor, Bl 
12 Bk. 14 Tr 
» « Var exilis, Brady - | - -~|-/-]-[- -]|-]-]-]-|-|- [14] 14Tr. 
i elongata, d’Orb. -|-|-|-|- -|-- 7]/-}-]-|lola]al7- He. ‘ 
sf sine re *l1]-]3/4}5 - 718] 9 }10/11)12)13 Common. 
"Orb. 
” » newvar.|]-|-]-|-|-|-|- -|-|-]-]- |13] - |] Wilts. 
ne obtusa, d’Orb. 3 -}*|1{-]3!4]5]- -] 8] 9] Of 1t]12)13] - Common. 
. obliqua, @Orb. -}*|1])-]3 -;-j- ~|~]-]- Ja.) -]-]1 Cam, Nor. 3 F. 
\ Hun. 12, Bk 
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Lower Mid'le 
Chalk. |Chalk.| © UPPer Chalk. 
_~ * 
es S : 
Bla 3! le E 5 i 
als]: . a| 3 
Valetta! lela] fale! |gl8l4 
alals a|< 2/5)3|2/3 a/3/8\e 8 LOCALITIES 
SPECIES. Ela|e/2/2/8)2/3/ 8/2! 214. $|2|2| ayp Remans. 
Se 8 3 alalo| 5] 2 8{3\S\s1¢ 
2/3\2l2el3/s/2/8/3/ sisi] |2 
EA PCAEA cd bod sd Cod od od Fe fod od nd fd 
3/e a | 4 SISlSisjS[Hlslsice 6 6 
a1S(5 |S] al 212i2/2)ele)aisalala 
BIS/A/S|S/S(S/S/S[alS[S/SlS]s 
*11) 213) 4/5616] 7] 8] 9/]10/ 11) 12) 13] 14 
FORAMINIFERA—Cont. 
Bulim'na Orbignyi, Reuss -| *|1|-|3]4)-]-]7]- | -,|10)-]-|13]-|1 F, Dor, Cam. 3 Bd, 
ron sone Do, He. 
0. 10 He. 13 Nor, 
a orbigniana, Rewss- | -|-|-|]-]-]-|-|-|-j-]-|- 1 13] - | 12 W. 13 Dor. ; 
ovata, d’Orb.- -|-|-|-|]-|-]-]-]-}]-]-]-|[- -|- . 
ba ovulum, Reuss -|-|-|-|]3]-|]-]-}]-}-|]-|-|-]-]-]-] Yo. 
8 polystropha, _ -|-y;-J-l-J-]-]-]81-]-]-]-]-]-] Sus. 
Reuss. 
i Presli, Reuss -{* > 1} -]3]4]-]617]-] - |10]12]12] - |14} 1,3, 4 passim. 6 Dor. 
1a ui 
jus. 12 W. 14 Tr 
S36 1s Var. aig, *71}-1]3])/4)-]-]J-]-]-]-]-]-]-]-]12 my wee 3 IW, 
hap. 0. rT. 
«  wupdldes, fOr, 1-1) = |S fehe fe} = |e] lle lets 8 Sus. 10 Do, He. 14, 
pyrula, d’Orb. -|*]-f-]8]-]-]-]-]-]-]-|-]|-]|-]- | 3 Bd, Cam, Hun. 
a rimosa, Marsson-|-|-|-{-]-|-]-]-|-|9]-]-|-|-]14] 9Dor. 14’tr. 
»  subspherica, Reuss |-|-|-|-|-|-]-}-}-|-|10] - |12] -] - | 10 He. 12 Bk. 
oi trigona, Chapm. -|-|-]-|]8|4]/-]-|-]-]-]|-|- [12] -]- | 3 Yo. 4 He. 12 Bk. 
mi variabilis, d’Ovb. - | -| -|-}- | 4]-|-]- | 8] - |10]11]12/13] - | 4 Dor, Do. 8 Ox. 10 
Kent, He, Nor. 1 
Dor, Sus. 12 Bk, W. 
13 Dor. 
a sp. nov.- -;-}-}-]-]-]-d-]-}-]-]-]- [12] -]-] Wilts. 
Cristellaria seotaorienlar, -f-f-J-;-|]- }-7-[8]-]-]-]-]-]-] Sus. 
& : 
‘a Bronni, Remer -|*{1)}-/-]4]-|-}]7]-]-]-]-|-]131- ee 4 PO 7 Do. 
: or. 
ey convergens, Born. | *}1])-|3/4/-]-]7]-]| 9 |10] - |12/18} -|1Cam. 8 Bd, Cam. 4 
Dor. 7 Do. 9 He. 10 
ee a 12 Bk, W. 
' 13 Dor, Nor. 
> Sloroeican " *Ji}-]-1-|-]-]-]-]-]-]-]-|]-|]-| cam 
ert 
Pa complanata, Reuss |-|1]-]-|}-|-]-}-]-|]-|]-]-]-|]-]-] cam. 
5 crepidula, ¥.dé M.|*|1{]-|]-|-}-]-]-]8]-]1l0}-|}-]-]-]|1Cam.8 He. 10 WK. 
‘i cultrata, Montf.-|*|1]-|3/4]5)]6]7] 8] 9 |10] - | 12/13] -|1Cam. 3, Bd. 4 He, 
Hun. 5 Do. 6 Dev, 
He. 7 He, Dor. 8 & 
g hao 10 He. 
12 Bk. 13 W, Nor. 
” bf Renata, aoe : LJ-}J-]}4]-]-7-]-[]-]-]-]- [13] - 1 Cam. 4 Dor.'13 Nor 
diademata, Berth. 1 f= pile |e] ede le) = pe a he ‘am. 
} exilis, Rews- -1*)-|-|-]4]-]-]-]-]-]-|-]-]-]-| 4 dor. 
ia gaultina, Bet. i S*PL{-]8}4;,57-]7]8] - J10}u = ie 14 Serer. Joiner 
udryana, Z’Orb. | -|-|-]/-]-|-|]-}-]-|]-]-]-]2 = 1 
e  Comune Bag |= | Slo lal) = (ele | [el [pelo ae Be 
aa gibba,d'Orb.- -|)*}1}-]3}4]/5}-]-] 8] - 10] - |12) - |14] 1 Cam, Nor. 3 F, Bd, 
Cam: 480m. 5. He. 
B say, He, al 
e. 14 Tr. 
gladius, Philippi-| *|1|-|-|-]-]-]-]-]-]-]-]-]-]|-] Cam. 
= Italica, Derr. -]}*;-]-]3]4)-]-]-]-]-]-|-]-]-]-]| 3 Bed. 480m, Nor. 
Ge linearis, Heuss -|*|1 ~|-]-]-]-}-]-]-7-]-]-|-] Cam. 
is mecreanone -/|1]-]-]-]-]-]-]-]-]-]-]-]-]|-] Cam. Nor 
eUss. 
navicula, @Orb. -| *|-/|-|-);-|-]-]-]8]9]-] - ]12/18] - Gee 2: 12 Bk. 18 
or. 
* oligostegia, Reuss |} *|1]-}]-|-|-]|]-]-]-|]-]-|-|-]-]-| Cam. 
* parallela, Reuss *i1]-{-)-]-]-]-]-d-{-]-]-]-]- | Cam. 
i planiuscula, Reuss *T-]-}3]4]-]-]-]-]- 10} -][- it to es 10 He, 
or, r. 
a recta? dOrb, -|-}-|-|]-1]-J-J}-]-]8-1-1-1--1-]| 8 Ba. 
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Lower Mid'le 
Chalk.  |Chalk| © Upper Chalk. 
s ; y 
| Blal |: gig 
o| .|a/3 e g 
al? 2 ¢g 3 5 el 
alE|S/ E13) lela) ofl e) (Zl dle 
a s/o Ssileiz g 
SPECIES. alé|2/8/=/e(Cl2| sl 2/zlei sels LOCALITIES 
8|~|a S/S(a/S/S/ 8/5) a) s/ 2/4 AND REMARKS. 
AleBls 6) 2 |e Slajajs/o elas] a 
B/S] 2/elslelBleia]sle|élelsls 
elel8(slHl4imla lm] s/4/a/2/a/d 
BlElalulS[slsls/S/Bl S| slslsis 
2/e/e/2/a\2/2/2/2/=/ 212/218] 2 
a | 2 ; 
BIE/A/S/SIS|S|S[S[alsis/Sjs]/s 
*]1] 2/3) 4) 5/6] 7] 8] 9 | 10) 11} 12/13) 14 
FORAMINIFERA.—Cont. 
Cristellaria rotulata, Lam.- | *|1/-[3]4 |-|-| 7] 8] 9 |10}11]12]13/14] 1 Cam, Dor, IW. 3 
K. 4 He. 7 Do. 
Common from 8 to 
12. 13Dor,W. 14 
or. 
» var macro-|-]1]-|-]- |-!-|-]-|/-]-|]-]-|]-|- 
" discus. Reuss Com 
a secans, Reuss -|*|-|-1]3]/- |]-]-}]-|-'-|]-]-]-]- Bd 
” » var, angu-|*/-|-]38]-]-1-|]-]-,-|]-]|-]-]-]-]* 
” losa,Chap. 
7 sulcifera, Aeuss|*|1]-|-|- |-|-]-]-|-]-|-|-]-]-| Cam 
” scitula, Rerth.-|*]1]-|-]- ]-]-|]-]-.-]-]-]-]-]|-]| Cam 
” sternalis, Berth. | *|1]-|-]}- |-|-]-|]-|]-}-]-|-]-]-]| Cam. 
- subulata, Reuss- | *|-|-|-|- |}5)-1-|[-|-]-|-|a]r-]7 5 Som. 
” ini *lif-]-]-]-]-]-]-] 9 [io] -]22) -1- 1 Cam, 9 Do. 10 
rb. 2d - 
# tricarinella, aleleal<)= )=| bee be]. | ef<|< |= Sone aah 
Rews 
trunculata, *ty}-|-|]-]-]-]-]-]-]-]-[|-]-]-| Cam. 
Berth. 
i turgidula, Reuss | *}1])-|-]- |5})-[-]- }-}-]r-]rdr do 1Cam. 5Som. 
” sp. nov. (1) -|-]-]-/3]-]-T-]-J-l-]T-}-[-]-|]-|£& 
* sp.nov.) -|-|-|-]-]-|-|-]-]8]-]-]-|-|-|-| 3e 
Discorbina Bertheloti,d’Orb.| - | -|-|-]- ]-}-}]-}]8,-}-t-] ro ]-ds Sus. 
» ~~ globularia, @Orb. |*|-|-]|3]- ]|-]-|-]-]-]-]-|-]-]24] 3 Ba. mtr. 
»  Tosacea,@’Orb, -}-|-|-]-]4]-|-]- [7 | -|-|-|-|-|-| He. 
Flabellina pee iz -~-|-|-{-]- |-]-]-]-)-]-]-]12)-]-] Bk 
rb. 
i cordata, Reuss -|-|1]-|-]- |-]-[7] 8] 9110 11412] -|-|1Cam. 7Do. 8 Do, 
Sus. 9 Ct, Do, Sus. 
1 oe Sus, 11 
ar, Sus. 12 Sus. 
‘i didyma, Reuss -}*}1)-]}~-|- }5¢-]-j}rod-|-[r pr trdc 1Cam. 6 Do. 
i oblonga?, Miunst. | -}-|-}-]- |-]-]-]8 -]|-d-]at- dc 8 Bd. 
is ornata, Reuss -}-|-|-|]-}- |-|-]-]-'-]-]-}2}s17 
a rugosa, d'Oro. -]|-|-]-13}-]}-]-]-]-,-]- Pt 12713] -| 3 Se 11 Dor. 12 
. 13 Nor. 
Frondicularia amnt. -|-/-]-]- ]-}]-]-]-]-]-]-]- ]18] - | 13 Nor. 
arsson 
i angulesa, d’Orb.|- | -]|-|-|- ]-]-}-]-ic7] 7 ]7 12) -| - | Bk. i 
fy angusta, Nilss. |-|-|-|-|->- ]-|-]-]s,7}7]7 12] - | - | Bk. 
” archiaciana, wT 4}]-|-|-|]8j)-|-|-]|12}13]-|1 Cam. 4 Dor, Do, 
d'Oro. Ree) Ee, He. 12 
3 : . 13 Nor. 
ii angustissima, |-|-|-]-]- |-]-|-]-|-]!0)-|-]s]7 - 
3 Reuss 
5 Fritschi, Perner 1/-|-]- }-]-]-]-]-]-]-]-]-]-]1Cam. 
as Goldfussi, Reuss} -|-}]-{|3]-}-|-|-]-]-]-|-]-]-]|-]| 34 
- guestphalica, */a}-]-]-}-]-]-]-|-]-]-]-]-]-| Cam. 
Reuss c 
is inversa, Reuss - | * | 1 3/-}]-]-]-]-|-|-]-]-]-|]-]1Cam. 3F, Bd. 
if Janceola, Reuss |*}1])-|]-}- }-]-}-}-] otc pcp rpc ds Cam. : 
si Parkeri, Reuss- |} *|1/-|3]4]-]-]-|]-]-]-]r dr ]rdo 1 om 3 Bd, F. 
4 Dor. 
‘6 striga, Chapm. |-}1]-]-1- }-]- }-]-]-Jo]c-} cdc] 7 Cam. 
a solea, Mar'ss.-|-|-|-]-]- |-]-]-}-]-]l]-]-]}-]7- He. 
a ungeri, Reuss-| *]1]-]-]- }-]-]-}=]-}-]}-]c-dc7]7 Cam. 
+ oar la -{-/-]-]-]-]-]-]8]-]-]-|-]-]-] fe 
rb, 
45 sp. - ~ jef-]-]-]-]-]5]-1-]-/]9]-]-]-]-]- | 5 Do. 9Wk. 
Gaudryina baccata, Schw.-|-}1]-|]-]- }]-}-.-t-trt-t- -{-|-| cam. 
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Lower Mid’le 
Chalk, —|Chalk. Upper Chalk. 
a 
E slal/a| |¢ : 3 a| 
a//S/F S| a/Elg| slelel lel alg 
a ;|2 : | a | g LOOALITIES 
2/8 a/S/2/°/3/2/2/ 21 813/28] 3 
SEC MER: E/8|2/4/3|ala|3/ale|eiS|zia|z AND REMARKS. 
lease SEIS Si slelclelé 
3 co) alas | 3 s|. | = 
n ols 2)ei3d| si: 8/a/s 
slelelelelsl@lala|s/lsl2|2/é 
ZB alSl Ss sl[sis]slBislsislsis 
2/5|2/3/8/8/2/81813/ 8/8/81 8| 2 
S 2 
SSRIS (S/S (S/S /Sls/8 (8/8/88 
*“}1)}213)]4/]6)] 697) 8] 9/10/11] 12)13)14 
FORAMINIFERA—Cont. 
Gaudryina crassa, Marsson | -|-|-|-!-|-|-|]-|8 10/11] - |13)}-| 8He. 9He. 10Dor. 
11 3us. 13 Nor. 
<i dispansa, Chap. | *}1/-|3]4]/-]-|-|-|]-|]-]-]-]-]-]1Cam,IW. 3F, Bd, 
Yo. 4 Yo. 
i filiformis, Berth. | *]1]-|3]4]5)6]7]8]-|]-|-]-|]-|-]|1 Cam, Dor. 3 com- 
mon. 4 Do, Hun 
5 He. 6 Dor. 7 
Dor, Hun. 1 Nor. 
= » new var.|—-|-]|-|-]-]5/-|]-|]-|]-|-|-]-|-|-] He. 
pe jonesiana, -J-j-]-]-]-]-]-]8]-]-]- [12] -]-] 8 Sus. 12 Bk. 
Wright. 
3 oxycona, Reuss- | * | 1 38/-}-|]-|-|-]-|-]-]-|]-]-|1Cam. 3F, Bd,Cam. 
Hs pupoides, @’Orb. | * | 1 3/4]5]-]-]8]91]10] - |] -]13] -] common in 1, 3, 4,5. 
- 8 Sus. 9 Ch, Dor. 
10 Dor, Kent, Nor. 
13 Nor. 
+ rugosa,d Orb. -|]*|1{-|3]4]-|]-]7]8|9|10)11)12/13]-|1Cam. 3 Dor, Bd. 
" Cam. 4 Do, Yo. 7 Do. 
8 Sus, He. 9 He. 
10 Dor, Do. 11 Mar. 
12 Bk. 13 Nor. 
i sp. nov. 1, (de-|-|-|]-]3]/4)-]-|-})-]-|-]-]-]-]-]| 38 Yo. 4 Yo. 
pauperate form.) 
Sp. nov. 2 - -|-|-]38]-]-]-]-]-]-]-|]-]-]-|-] 3 Yo. 
Globigerina ienntatoralts *)L]-)-)-]}-]-1]7]/8]/-]-]-|2]-]- a 7Do. 8 Sus. 
a 
iy bulloides Brady.| * 1]-]}-]4]-]-]-| 8 ]-|10] - ]12]-]14|1 Cam. 3 F. 8 Sus. 
Do. 10 Do. He. Nor. 
12 Bk. 14 Tr. 
41 eretacea, d’Ord. 1]/-|3)4]5]-]7]8]|9)10] -]12] -|-]| Common in 1, 3, 4. 
5 Som. 7 He, Do. 8 
common. 9 and 10 
generally distribu- 
ted, but not com- 
fe mon. 12 common, 
i linneana, d’Orb.| * | -~|-|-]4]-|-|]-]8]-|10}11]} -|]-]|- ca eae 10 WK. 
11 Sus. 
5 marginata, -{1]/-]38]4{]5]6]7] 8] 9/10/11/12]18] - | Common in 1, 3, 4. 
3 Reuss 5 Som. 6 Dev. 7 
He, Do. 8 common. 
9 Do, He, Yo. 10 
He, Nor. 11 Sus, 
Mar. 12 Bk. 13 
common, 
Gypsina cretzx, Marsson -}*)-]-]-]-]-]-|-[8]-})-1]-]-]-]-| Sus. 
Haplostiche sherborniana, | *}1|]-|-/-|-]|-|-]-|-]-|]-]-]-]-| Cam. 
Chap. 
Haplophragmium acutidor- | *|-|-|3]-]-|-]-]-|-|]-]-|-]-]-] Yo. 
satum, Hantk. 
i agglutinans, *!1)-/3}4]-]-]-]-]9]-]-]-]-]-]1Cam. 3IW. 4Nor. 
Orb. 9 Do. 
is ? emaciatum, | *|-|-/3]-]-|-|-|]-|]-/-]-]-]-|- 
Brady 
+4 glomeratum, | */|1/-/]3)]4|-|]-]-]-]-[-{11]-]|-|-|1Nor. 3Dor, Bd, Yo. 
Brady 4 Yo, 11 Yo. 
rs globigerini- |*]1)-]-|-]-|-|-]-]-|-]-]-]-]|-]1Cam. 
forme, P. &J. 
55 irregulare, *11)-|3|-]-];-]-] 8] 9 )10) - -|-|1Cam, MB. 3F. 8 
Remer Sus. 9Ch. 10 He. 
m7 micro- -J1]-|]-]-];-]-j-]-]-j|-]-]-]-]- | Cam. 
spirale, ( hap. 
a) pseudospi- |-|1|-|]-|-|]-]-!-]-]- -]-]-]-]- | Cam. 
rale, Will. 
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wer 
ad : ae Upper Chalk. 
RE : 
g F 
‘ sl2lB| le g la 
i E 8) 3/2 E g E a! {8 ole 
“a wo ” ny a | a} a] a 
“SPECIES. : 8/4\4 %| 8 63/2 /2/2/8/5/ 2/2 LOCALITIES 
Bee /=(S/e]a/8/2) 8/8] S/ 8/2/42] sym Bemagxs. 
de ella lslelela|slelélelels 
n Slejsis B/S/S8lS|slelajé 
= 2/2 /8/s/s/</e le |e) s/2lal2 [a5 
slElals/3/Si3/s/3/3]s/ 3/3] s/s 
BisiPlselel/ersieis/sisleigia 
S 8 >| a/8/sle/sle1°/818) 8] 8/8 
a AlSI/SISISIS/S|S/SISIS/S/S 
*}1] 2/38] 4]5]6] 7] 8 | 9 | 10} 11/12] 13) 14 
FORAMINIFERA—Cont. 
Haplophragmium nanum, |*|-|-|3}4]-]-|-|-|-|-|-|-|-|-|3F. 4 un, Yo. 
Brady. 
j nonioninoides,| *{1|-|3/4?}-|-|]-|-|-|-|-|-|-]|-|1MB. 3F, Cam, Yo, 
Reuss. 4? Do. : 
’ ovatum, -{|-|-|l-)-l!-]J-l-|]s]-l-]-]-|-]-] Sue 
% sp.nov.1 -|-|}-|]-/]3)-]-|-|-|-]|-|- llj-|-j|-|3F. 
3 sp.nov. 2 -|}-|-!-[-|4l]-]-|ri-prpcyctc 13] - | 4 Yo. 
” sp.nov. 3 -|-]-|-|-]-|5)-{-|-|-|-|-|-}-]-] 52° 
Lagena acuticosta, Reuss -|*|-]-|-|-|-|-|-|}-]-|-|7 12) - | - | Wilts. 
, apiculata, Reuss -|*]1|)-|3|4|-|-|-|-]-|-|-|-|-|~| ,Cam-38 Ba. 4 Do. 
” pracillima, Seguenza.|-|1]-|-|-|-]-]-|-|-]-|-In|-|o| om 
” “globosa, Montf. -|*|-|-]-|-|-|-|-]-|-|-]- [22] - [14] 28k Nor 
» hispida, Reuss - -|*l-l-|-]4a/-]-l]-|-l-1-]- )-]- [- 0. 
», levis, Montague -|*|)1)-])-|-]-|]-|-}-]|-Jr]c]c}cdc Cam. 
»  Mmarginata, W. and|*11/)-]}-]-]-]-]-]- }-|-prdcdc dc 1 Cam 
wae 
» Sulcata, W. andJac. |*)-|-| 3 -|e}-|- -|-|12 -| 3 Bd. 12 Bk. 
»  striatopunctata, *)-}-|}-}-|;-]-|- ee y2| -|-| Bk. 
Par. and Jon. 
» _ striata, W. and Boys |-|-|-|-|-|-|-]-|7- 9|-|-|-|-|-| He. 
Lingulina carinata, d’Orb. -| -}-|-|-]-]-|-|-]-|- o|-|-|-]-|?10 Bk. 
Lituola ovata, Marsson -|-|-|]-|-]-|]-]-]-]-]=]-]7]7 13|14| 13 Nov. 14 Tr. 
»  nautiloides, Def. -|-]-|-|-|-}-]-]-]-]9]-]|r tc tre ee 
»  placentula, Chap. -|-}1]-|-|4]-|-}-]o]-|r] tdci cd7 1 Cam. 4 Y¥. 
Marginulina equivoca, Reuss.) *|1)-}-}-}-|-|-]8)-}-}at- |r tc 1 Cam. 8 Sus. 
A debilis, Berth.- | *|-|-|-]-]-]-]-]-]-|-J®#)-]-]- Sus. 
si elongata,@’Orb. |-}-|-|-|-|-]-]-|-|-|-|7]2}-]> Bk. 
ia “glabra, d’Orb. -| *}1|-|3]-}-|-]-|]-|-]-]7]2]- 14| 1 Cam, IW. 3F, Bd. 
12 Bk. 14 Nor. 
, hamulus, Chap. |*|1]-|-|-|-|-|]-|]-}-]-|-]- ]-]7- Cam. 
ss ineequalis,Reuss|*|-|-]3)-|-|-|-j-|=]- [7] 7 ]7]7 3F. 
rf Jonesi, Reuss -|*}1]-|3|-|-|-}-|-{-|-]}]c7]cdc7]7 1 Cam. 3 F, Bd. 
ii linearis, Reuss | *|1]-|-|-]-]-]-|-|-]-|7]}-|-]7 Cam. 
i Munieri, Berth. |*|-|-|3]-|-|]-|-}-}]-]-]=]-|-]7 Bd. 
+ robusta, Reuss|*]-|]-13/4/-]-|-|]-]-|-]- [7] 7-7 3F. 4 Nor. 
iG soluta, Reuss -|-11|-|]_-|-|-\)-]-|-|-|-d-|-]-|- Cam. 4 
he striaticostata,|*}1|-|3]/4]-|]- )-]-]-|r]}rpc dct 1 Cam. 3 F. 4 Dor. 
Reuss 3 
i trilobata, d’Orb.| -|-|-|-]-|-|-]-]-}-|-|-]}]-]8I- Nor 
Miliolina agglutinans, d’Orb. | *|-|-]-|]-]-|-]-]-]}9]- tr] c7}7 {7 Yo. 
oe Ferussaci, @’Orb.- | *|1}]-|-}-]-]-]-|]-|-]-]-]-]-17- Cam. 
a oblonga, Montf. et a | ey bree ee [eel eae We ole = pata = p= Bk. 
as seminulum, Linn. |-|-|-|-|-|-]-|-|}8]-]-}]7]-}7|7 Sus. 
55 tricarinata, @Orb. | *11/-]-]-|]-}-{-}]-|-|-]-]/-]}-]7- Cam. 
9 trigonula, Lam. - | - | - | - | - ah=le | ata | —4 = [i= b= | BE ; 
35 yenusta, Karrer.-|*]1]-|3}-|-|-}-]-|-]-]7|42)-]7 1 Cam. 3 Bd, Canr 
‘i sp. nov. (near alve-|-|-|-/3]4/-|-]-|-}-|-}7]7]7 47 3 Bd. 4 He. 
oliniformis, Brady) 
a sp. nov. (between |-|-]-|-|4]-]-|]-[-|-|-|7]c7]7]7 Dor. 
alveoliniformis 
and agglutinans . 
Nodosaria aculeata, atin Spee We Pe fie fees bee = | a= Jee et = ae] = | = Be 4 a es 
.) communis,d’Orb. | * = = -|-|sj-]|-|[-]12}-]- ami. ; Ai 
ae , : ° Cam. 5Do. 8Sus 
He. 13 Bk. 
a consobrina, @Orb.| *{1]-]3]4]5]-]-] 8] - }10]11)12)138 14] 1Cam. 8Bd. 4Dor 
5 Do. 8Sus. 10 He. 
11 Dor. 12 Bk, 138 
Nor. 14 Tr. 
»  eylindracea,Reuss |*]/1]-|]-|-]-|-|-}]-]-|-yc7]c]7]7 Cam. 
af expansa, Reuss -|*]1|-]-|-]-]-]-]-]-]-]-]-]-|7 Cam. 
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Lower Mid’le| 
Chalk. Chalk. Upper Chalk. 
q q 
é g E a |ei.| |e 3 als 
glEl21F 12] Ele] al Ele elai3 
SlS/2] si2) s/o Ss 3(|2\4 §| 38 LOCALITIES 
4 ‘Bo [3 fs Siig 
ae ee Las 8 ae a | 2|sl4l3 e(e | sleisis | AND REMARKS. 
ale els|/SlEle|SlelS| zis lBls 
ale |SlolslslZlelslsislalels 
ale|8|S/B(=|Fle/e| sla /s 4(4/S 
alelstelSlE(S(S/ Elz) E/E / 1312 
ele lalalalelalalsialaleiala 
iS) 
#/8(8l8|8/S/S[8{Sls/8 SS} ls 
; *)}11/2)8)4]5| 6) 7) 8] 9} 10) 11) 12) 13) 14 
. \ 
FORAMINIFERA—Cont. F | 
Nodosaria farcimen, Rewss | * | 1 38/4) - -})-|- |10}11 13)14]1 Cam. 38 F, Bad, 
(after Soldani). Y Cam. 4 De. 10 He. 
a i Kent. 13 W. 14 
Yr. 5 
33) filiformis, d’Orb.- | * | -|-|-]-|-]-{-]-]-|- 22] -]-]-] Bor. 
* Fontannesi,Berth. | *|1)-|-|-|-|-|]-|-}-}-]-]-|-]-| Cam. 
55 gracilis, @’Ordb, -|*|1])-}-})-|-|-}-|S8|-}-|-fay-]- Cam. 8 Bd. 
aN hispida, d@’Orb. -|*}-}-]-}-]-|-]-]-]-]}-]-]!2)-]- Bk. 
3 humilis, Remer -|*|1|]-|-]-|-|-|-}-|-|]-]-]-]-]7-]| Cam. Nor. 
6 legumen, Reuss -|*{1)-|]-}-|-|-]-]-]}-}-} 74-7] 7 47 Can 
"i lorneiana, @’Orb.- | *}1]-|-]-|-]-}-]-]}-]r}cdr}rdc Cam. 
6 mutabilis, Reuss- | *}]1]-}-|-|-]-]-|-]-]-]-]-]-]-] cam 
e mucronata, Neug. |} *|1)-|]-]-}-]-]-]=]-]-]}-]-]-]|7-] Cam 
os multicosta, Neug.|-|-|-|-|]-|-]-]-|8]}-|]-]-Jotc]- 8 Bd. 
» (D.) nodosa, @Orb. -|-]-]-}-}-]-]-]}-]-}-p-] 7 pt2po de Bk. 
ii obscura, Reuss -|*|1]-]3]-]-]-|-]-]-]-]-]12)-]- ee 3F, Bd. 12 
pdm Bie «| o]=|</<)<l<)=[-15 2) =/=| =| ~ll dene, 
zs oligostegia, Reuss : -}-]23/4}]-]-]-]-]9]-]- -|- es eee Nor. 9 Ct. 
»  ortboplenresBowet | 212118) =)2]S |< |= |=] 2 |= fie] = [ap teem, See, re. 
x paupercula, Reuss}*|/1]/-}3]-|]-]-]-{/?}-]-]-]-]-]-]1Cam. 3B. 
5 perpusilla,Chap.-|*|1}-]3]-]-|-]-]-]-]- ]r-][- 13} - oa: 3F, Bd. 18 
or. 
Fa plebeia, Reuss. -}|-|-|- | 3] - - -|-]-}- 3 Cam, 
Me prismatica, Reuss | *|1}-)3)4])-}-|-][7- - - -{1 ae 3 F, Bd. 4 
jor. 
ai polytrema?d’Orb. |-|-}-|-]-]-|-]-]r-yr de 11| - | - | -| Dor. 
+ radicals, pied : - a - ; -|-]-]-]-]-] - | - 12/13] - Pe TL Nor. 
raristriata - = Sle gsoye fe pope pm |e fa peo am. : 
ks Tanne Dee. - *«{1]-]-]-]-]-]-]-|-]-]-]-]}13]-|?1 Cam. 13 w. 
» . raphanistrum,Linn.) -|-}-|-]-]-]-]-]}7} 7] ct] cda}7 14] 14 Tr. 
» (D.) Roemeri, Neug. -|*}1]-|-]-]}-}-]}-}r}cfcdo 12) -|-]1Cam. 12 Bk. 
5 soluta, Reuss -l*laf-]3]}-|]-|]-jJ-]-]-]-]-]-]-|]-]1Cam. 3F. 
5 tubifera, Reuss -| *|1]-]}-]-]-]-]-}-] 7) -]rdetrdc Cam. 
-tenuicosta, Reuss-| *}1]-|]3)-]-|-}.-|-}-}J-]-]2)-]- 1Cam. 3 Cam. 
3 Zippei, Reuss -|*|1}-]-]-|-]-] 7 | 8] 9 [20])11)12)18/14 1Cam. 8 Bd, Do, Sus.? 
9 Do, Ct, Sus. 10 
EK, Sus. 11 Mar, 
Shee Sus. 13 Nor. 
14 Tr. 
Nubecularia ipnesiane,, -|-]-]-]-]-]-]-]-|[-]-]-]12}-]-] Bk 
a 
% novorossica, =|sfl=fed=]—)=|-]=]=|= 12| - | - | Bk. 
Kar & Lin. - 
ny tibia, J. and P.} -|-|-]-]-]-}-|]-]-]-]-}7-]22])-]7- Bk. 
iv sp. nov.no.1 -}-|-/-|3/4}~-]-]-]J-] opr ]rdyrpcdc 3 IW. 4 Dor. 
i an, nov ne.2 «p= |< |= Pepe pe pera ls pape pea oO. 
Placopsilina cenomana, *li{/-}-]4]-1]-]-]-]-]-]-]-]-]-]|1Cam. 4 Dor. 
word. 
“i vesicularis, *lal-]|-|-[-]-]-|-]-]-]-]-]-]-] Cam. 
rady. 
. sp. ee -|-|-]-]6!7{8]9|10]11/12] - | - | 8Do,S8us._ 9. Ch, Do, 
pa fae ee 
us, Mar. 12 Sur. 
Planorbulina cena -}-|-|-]-]-]-]-]-]-]-[- 12) -]-| 8 
TO. 
i ipmieiane, Pa fi Yer a -|-]-|-]-]-]-]-]12}-]-] Bk 
POr 
Pleurostomella alternans,| *}1/-/3]4/5}]-|-]8]-|- 41) -]28]- 1 Cam, Dor, Nor. 3F. 
ichweitz, ee eg a He, 
ent. or. 
7 obtusa, Berth. |*|1]-|]-]-]-}- }-}=}-}oycdc drs Cam. 
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SPECIES. 


Lower 
Chalk. 


* Found in Selbornian. 
— Chloritic Mar] (Stauronema) 


vo Devon Cenomanian, &c. 


w Chalk Zone of Am. varians. 
» Zone of Hol. subglobosus. 


=x Zony of Act. plenus. 


Zone of Rhynch. Cuvieri. 
~r Zone of Terebratulina. 


oo Zone of Hol. planus. 


«© Z. of Mic. cortestudinarium. 
5 Zone of Mic. coranguinum. 
Zone of Marsupitcs. 


ft Zone of Act. quadratus. 
@ Zone of Bel. mucronata. 
i Zone of Ostrea lunata. 


—_-—-- 


LOCALITIES 
AND REMARKS. 


FORAMINI#£LRA—Cont. 


Pleurcstomella subnodosa, 
CURE 
sp.nov. - 
Polymorphina acuminata, 
aOrb, 
» communis, 
"Orb 

Py fusiformis, 
Roemer. 


» oo» Var. horrida, 


Reuss. 


i » var, acupla- 
centa, J. & 


Chap. 
3 gibba, d Orb. : 
5 », var. acupla- 
centa, J 
& Chap. 
e gutta, d’Orb. 
var. diffusa, 
J. & Ch. 


a lactea, W. cai J. 


S » «var. neupia- 
centa, J. & Ch. 
igi rotundata, 
Born. 
6 sororia, Reuss - 
% » var. cuspi- 
data, Brady 
Pullenia spheeroides, a Orb. 
ve qunaquelonay 


eUuss, 
Pulvinulina elegans, d'Orb. - 
as Maidingeri 
@Or 


si Karsteni, Reuss- 
micheliniana, 
@Orb, 


z punctulata, 
: a’Ord. 
F repanda, Fichet 
and Mol. 
» var. concame- 
rata, Mont. 
Ramulina aculeata, d’Orh. 


” 


oo globulifera, 
Brady 
levis, Jones - 
Re »phax cylindrica, Chap. - 
»  fusiformis, Will. - 

i. folkstoniensis, 
Chap. 
4»  modulosa, Brady - 
»  scorpiurus, Montf. 

» Sp. nov. 1° 

a 8p. NOV. 2 - 
” sp. nov. 3 - 


Beit 


* 1 


He ae a a | 


Aw 


wo w iw 


J 
oo 
i 


bob ow 


y wool 


Tt wow 
od 


Eine. & 
‘a on aoe | 
1 eri 
12a 


Bk. 
3 Yo. 4 Yo. 
Bk. 


1Cam. 3 F, 14 Tr, 
1 Cam. 3 F, Bd, Cam. 


4 Dor. 5 Do. 8 Sus. 
He. 


Cam. 
, 
1Cam. 3 Bd. 


3 Bd. 12 Bk. 14 Tr. 
Cam. 


Cam. 
3¥, Bd. 13 Nor. 
Cam. 


Dor. 


3F. 12 Bk. 
Cam. 


14 Tr. 
13 Nor. 14 Tr. 


8 Sus. 12 Bk. 14 Tr. 
11 Dor. 12 Nor. Bk. 


13 Nor, Dor. 


4 Dor. 12 Bk. 
8 Do, He, Yo Com- 


mon in 9, 10, 11, 12 
and 13, 


Bk. 
Bk. 
Bk. 
1Cam. 3 F, Bd, Cam 


4 Do, He. 8 Sus, Bd. 
9 Ct, Do. 10 com- 
mon. 11 Sus, Mar. 
12 Sus. 13 Nor. 14 


Tr. 
1 Cam. 3 F. 4 Hun. 


Sus. 

1Cam, 31W 
Cam. 

3 Yo. 4 Yo. 

1 Cam. 3 Dor. 


3 F, Dor, Mori 4 Yo. 


ed 


GENERAL LIST OF FOSSILS. 


Lower Mid'le} 
Chalk. |Chalk.| Upper Chalk. 
oe a =| = 
el e/Sl2| |s|_| [Elz fale 
al/£|*/2/2| [e/a] {#1 8| [218] 4 
5 a\8 d 2/8/o}3| 2/3] 4 a 4 §|8 LOCALITIES 
SPECTES B/2/ al 2 B\2/8/8 2 Elels S12! any Remarks. 
Slelals|*) (2/5) =12] 5/2) 5] 8] 38 
OL als = 3 Sle ols] ela | w 
n E/®ISI/SlSlel|sS] ol: sl1silo)e2 
e/e/8|8\8|< [72/8] 5/2 |=/4|3|8 
Ee) 2 fe 5 SISlSIS SIS Slslslsis 
e\e\elalelsjelelsleislaigigl sg 
3 o 
BIS/A/SIS|S(S(S/Si[ul[SiSigi8|s 
“11)2)38]4)65] 6/7] 8) 9/10) 11) 12/138] 14 x 
FORAMINIFERA—Cont. 
Rhabdogonium  tricarina- | * -/3]4/-]-]-]-]-|10]11} -|-]-|3Bd,Cam 4 Do, Dor. 
tum, d@’Orb. - 10 He. 11 Sus. 
” » var. acut-|-|-]-|]3]-|]-|]-]-]8]-]-]-]-]-]-] 3 Cam. 8 Sos, 
angulum, 
Reuss, 
” excavatum, *lia}-|]3}-]-]-]-}-]-]-]-|]-]-]-]1Cam. 3 F, Bd, Cam. 
eUuss. 
3 » var. exilis,|-|1]/-|]-|}-]-|-]-]-}]-]-]-]-]-]|-| Cam. 
Chap. 
Rhizammina algeeformis -{-}-]-}]-]-/-]-]-]-]-]-]12]-]-j] Yo. 
Brady. 
- indivisa, */-/-]3]415]6]7]-]-|10]11]12] - | - | Fragments referable 
Brady. to this species are 
commonly present. 
» sp.nov. -|-/-|-]-/]4/-]-]-]-]-|]-]-]J-]- He, Yo. 
Rotalia Beecari, Linn.- -|-]-}-]-]-]-]-]-]-]-]-]-]12]-]-] Bk. 
»  Bosqueti? Reuss -|-/-]-]-/]-]-]-]8]-]-]-|]-]-]-] He 
»  Soldani, a’Orb. -{-/1]-]3]4]-]-]-] 8] 9 |10]11]12]13}14) 1 MB, IW, Nor. 3 F, 
Bd, Cam. 4 Dor, Do, 
He, Hun. 8 to 14 
common. 
> » var. nitida, Reuss |*|1}]-|3]4/-]6]7]8 | 9|10] - }12]/13| -|1 MB. 3F. 4 Do, He. 
6 Do. 7 Do, He. 8 
Do, He. 9 He, Yo. 10 
Dor, He, Nor. 12 W. 
13 Nor, W, Dor. 
»  exsculpta, Reuss - | - | - -{-/]-]-]- | -] -|]10]11/12/13]14] passim. 
Spi roplecta annectens, bee [9 3/4/-]-]-]8]-]-]-]12]-]-]1 Cam, Dor. 3 Dor. 4 
J&P. Dor, 8 Sus. 12 Bk. 
n anceps, Reuss -|~*|1]-|3]4]-|-|-]-]-]-]-]|-|18]-]|1MB, Dor. 3 Dor, 
TW. 4 Dor. 13 Nor. 
5 biformis,P.@J.|*|-]|]-|-]|-}-]-]-]-|] 9 ]10] - [12] -]- oat 10 WK, He. 12 
Spiroloculina asperula, */-;-]3]-!-]-]-|}-]-|-]-|]-|]-]-] Yo. 
e Karrer. 
3 alveoliformis, |} - |-|-|-|4]-|]-]-]- -|-]-|-|-| Yo. 
3. limbata. -/-}-]-]-]-]-]-]-]-|-]-]12]- Bk. 
@ Orb. : 
- nitida, d@Orb. | *]1)-|-]-f!-|]-|]-|]-]- -|- - | Cam. 
i papyracea, *{-]-|}3}]-]-|]-]-]-]- - - | F.Bd 
5 tenuis, Czjzek |} */}1]/-]-]4]-];-|-]-]-]- -|-|-j|1Cam. 4 Hun, Yo. 
Textularia anceps, Reuss -}|-|-|-|38] 4] - -|-|-]-]|- [12] - | - | 3 Bd. 4 Dor. 12 B. 
# agglutinans, */1/-1]38]4]-]-]7]8]-]10]-]-]-]-]|]1 Cam. 3 _F,Ba4. 
a’Orb Dor, Do, He. 7 He. 
8 He. 10 WK. 
»  complanata,Reuss|*}1]/-|3]-|-ke }]-|-|-]-]-|-|-]-]1Cam.3F 
33 conica, dOrb. - |*|-|-]38]/-]-]-]-|-]-]-]-]12]-]|-]| 8 Bd. 12 Bk 
A concava, Karrer-|-|-|-|-]-|-|-|]-|-]-|]-]|-|12]-]|- | Bk 
3 decurrens, Chap |-|-]-]-}]-|-]-]-]|-]-]-|-]12]-]-] Bk. 
- foeda, Reuss -|*11]/-|-|-]-]-|]-]-]}-}-]-]-]-]-|1Cam. 
- gramen, dOrb.-}*]}1]-|3]4/5}]-1]-]-]-|-]-|12]-]-]1 Cam. 3, 4, 5 com- 
mon. 
i globulosa, Zhr.- | -|-]-|-]-|-]- 8 | 9 |10]11]12]13]14] 8 Sus, He. 9 Do. 10 
WK. 11Sus. 12 Bk. 
13 Nor. 14 Tr. 
» Var. striata,|-|-|-]-|-]-]-]-]8]-]-]|-{12]-]- | 8 Sus. 12 Bk. 
Ehr. A 
5 hybrida, Chap. -|-]1]-|-]-|-]-]-]-]-]-}-]-]-]-]| Cam. 
‘A minuta, Berth. -|*|1|/-|3)4/-|]6]-])-]-]-]- -|-|1 Cam, Dor, IW. 3 
4 Dor, F, Bd, Cam. 4 
He. 7 Do, He. 
is prelonga, Reuss} *|1]-|3)4]-|-]-)]-|-|10]-|-]-]-]|1Cam. 3 Dor, IW, F 
Bd..4 Dor. 11 He. 
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Hower =| Mid'le}_——_ Upper Chalk. 
3 o ‘ 
g 3 3 g 2 7 i | ald 
5/2) 2/2) ele] (8/3) oS slg 
jj) Jolal/sis] ala a|/s!ale a 
SPECIES. : 3|8|a|/2/5/2 Ble/ais|e| 8/8 LOCALITIES 
BIS) S/</8/8la/e14/ 8/8/68) 8) 5/4] vp Remarcs. 
Slal als} 2) S/s/s] aif] oe) oa] e 
2/S|2/2/3le/2/81s| Sig|alels/é 
ele|8/g/2/</ela/e s/e/2|21ala 
4 Ce be Tf fet pe ee 
BIE eat elelelelsialelslclela 
5/alo Alalalale|olsi|alelala 
B/S/A/S/S/SIS(S1S|s/S/S/S/S18 
*1112)8]4/651617] 8] 9 | 10/11) 12] 13] 14 
FORAMINIFERA—Cont. 
extularia quacrilsters, -|-|]-|]-])-]-]-|]-|-L-|-|- 12] -]-] Bk. 

i sagittula, Defr.. -|}*)1)-[-]4]-]-]-]-[ 9 |10| - ]12] - [14] 1 Cam. 4 Dor. 9 Dor. 
10 Wie 12 Bk. 14 

” senata, Chap. -|-}-}]-|-|]-|-]-|-]-|-]|- 12) - Bk. 

ss trochus, @’Orb. -| *}1)-|]3]4])5 -|8]9]10 12/13] - | 1, 8, 4,5 common, $ 
Sus. 9 Yo. 10 Kent. 

; 12 Bk. 13 Nor. 

” turris, Orb. -|*/1]-]3]4]51}6]7] 8] 9 |10/11}12)13| - | Common in 1, 3, 4, 5, 
6,7 and 8. 9 Do, Yo, 
10 WK, Do, He. 11 
Sus. 12 W. 13 Nor. 

5 sp. nov.,or dise}-}|-]-|3}]-]-|-]-]-|]-|-|]-]-]|-]|-| 8 Cam. 4 Nor. 

torted. 
‘Vriloculina (ur. ee -|1}-J-]-]-]-|]-]-|]-]-]-|]-]-]-] 1 Cam. 
'Tritaxia foveolata,Marsson- | -|-|-|-|-]-|-|-]8]-]|-]-]|- |18] - | 8 Sus. 13 Nor. 
3 minuta, Marsson -|- -|J-}-]-]-]-/] 8 )-]10}/-]-]-]- ale. 10 Kent, He, 
or. 
» _-pyramidata, Reuss-|*]1]-)}3]4]-|-]-|]8]-]-|-|-]-]- Common in 1 and 3. 
4 Dor, He, 8 Sus. 
»  tricarinata, Reuss -|*}1]-|3]4]-]6]7] 8] 9] - |11[12]13] - | 1 MB, Cam, Dor, Iw. 3 
common. 4 Do, Dor, 
He. 6 He, Do. 7 He. 
8 Sus. Do, He. 9 Yo. 
11 Dor. 12 Bk. 13 
Nor, 
sp.nov. - > -|-]-|-]-]-]-]-]-]-]-]-]-}22]-]- | 5. 
‘Trochammina cas */-|-l3}a]5]-|-|-]-]-|-]-|-|- | 88, Sun. 4Hun.5 Yo. 
ap. 

rr op. mov. 2-1 ep l= eee lege le pep ape pee 3 Yo. 4 Hun.. 

‘a sp. nov. 2 - -|4})-J]-|-|-]-|]-|]-|-]-]-] 4 Yo. 

Truncatulina akneriana, -|-|-l]4}]-j/6]-]-|]-|-|-]-]-|-]|4He. 6He. 
dor. 

3 culter? P.dv.|-|-|-|-|]-]-]-]-]8]-]-]-]-|-|-] We 

58 lobatula, Defr. | *|-}-|3]4]5]-] 7] 8] - |10]11}12)]13]14) 3 Bd.Cam. 4Yo. 5 He. 
6 He. 7 He. 8 Yo. 10 

\Nor. 11 Kent. 12 
-Bk. 13 Dor. 14 Tr. 
»  (Marsson's figure) } - | - -|- -|-|]-{-]-]-]-] - [14] 14 Tr. 
. refulgens, *J-|-}-]-]-]-]-]-]-]-]1]-]-]|-] Dor 
Montf. ; 

> ungeriana, d’Orb. -{i]-]-|4}5]6]-| 8] 9 |10}a1]12]13}14]11W. 4 Bd. 5 Do. 6 
He. 8Yo. 9 Dor. 
Common in 10, 11, 
12, 18 Nor. 14 Nor. 

5 variabilis, *«/-|-]-]-]-]-]-]-]|- 410] -|12] - | - | 10 Do. 12 Bk. 

dor. 
Uvigerina canariensis, 7Orb.| - |-|-|-|-|-|-]-|-]-|-|4}-|[-|-] 8 Bk, 
Vaginulina zquivoca, Reuss | -|-|-|3]-]-|-|-]-]-]-|-])-|]-|-| 38a 

5 arguta, Reuss -|*|1]-|3]4]-]-}-|-|-|-]-|-]-|-] 10am. 3Bd. 4 He. 

‘i Biochei, Berth.-|*}1)-]-]-)-|-|-]-]-]-J-[-]-]- Cam. 

i costulata, Reuss |} *)}1])-]-]-|-|-|-]-|-|]-|-|]-|-]|-| 1 Cam. 

sf comitina, Berth.|*)}1)-|-|-]-|-]-)-]-|]-]-|-|-]-] Cam. 

i legumen, Linn.- | *|-|-]-|-]-|-|-]-]-|10)-|-]-]1¢ 10 WK. 14Tr. 

s striolata, Reuss|*|1|-|-|-|]-|-|-|-|]-|]-|-|-]-|- | Cam. 

» ‘recta, Reuss- -|*/1]}-13}4]5]-|7|8|-]-]-]-|-|-| 2 Cam, Nor. 8 F, Bd, 
Cam. 4 Dor, Do. 
5Do. 7Do. 88us. 

‘i » var. tenui- | *}/ 1) -]-]-]- -{-|- f-|- - | Cam. 

striata, Chap. 
» truncata, Rewss,}*|1]-|3)-]-|-]-|-]-|-|-|-]-|-] 1Cam, Nor. 3 F, Bd. 
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Lower Mid’le 
Chalk. Chalk. Upper’ Chalk. 
s a : 
Ale 
8 s|8/38 < , q Ja 
JE18)3/21 [Ela] ale) ell 
3 q g alg a8 s giz F 3 g 5\ 3 LOCALITIES 
SPECIES. El2 3 a 2 3 a 3 & 3 g 2) 8/3/42 AND REMARKS, 
Seal Sp2 |S else ei ciel cA] 
3 3} old}s Bid/ Sl sislel/eql/4 
mn (} o|O] oj o 
a c & 8 mg) alale |e Ss Bal 2|a)/S 
slElale|sis]sls]s/S]s}s)s)/s|s 
g S/SlSBl eleleselolu/e/e}e;e2)a 
o(a|elelSisles1ei°1si 8) si 88 
RIO|A SISPN INR IN NIN SPR] s 
*72)2)8)415)6] 7] 8) 9] 10/11] 12]13] 14 
FORAMINIFERA—Cont. 
Vaginulina truncata, var.|*|1]-|-|]-{1-|-|-]-]-|-]-|-|-|-| Cam 
robusta, 
B.& Ch. 
» var. eury-|-|1]-|-|-|-|-|-]-]-]-]-]-]-]-]| Cam 
nota, Reuss. 
Verneuilina proquinqua, *11]- 4/-|]-]-]-|-]-]-]-|-]|-] Dor 
fee ae leas | ne 
% arisiensis, -{-|- }-]-]-]-!-|-]-]-]-|- ‘am. 
= . &Ord. r 
» pygmea, Egger |*}1|-|-]-|]-]-]-]-]-]-]-|12)-]-|1Cam. 12 Bk. 
3 spinulosa,Reuss | - | -|-|-|-]-|-]-]-|9]10]11]12| -|- | 9 He. 10 He. 11 Dor, 
Kent. 12 Bk. 
” triquetra, *)/1]-]3]4]5]-]-]8]9]10]11]12]13] -|1Cam. 3F, Bd. 4 Do. 
Montf. 5 Do. 8 Yo. 9 Yo. 
Common in 10, 11, 
12, 13 Nor. 
Ay variabilis, *li1)-|-]-]-]-]-|]-|]-]-|-|-]|-]|-| Cam, Dor, 
Brady. : 
Virgulina schreibersiana, | - |-|-|-}|-]-|-|-]-|-|-]-|12]-]-]| Bk. 
Cajzel 
i sub-squamosa, |}-|-|-|-|-|]-|]-|-}-|-]-]-]12]-|-]| Bk 
ger 
webbina levis, Sollas-|*|1]-|-|-|-|]-]-]-|]-]-|]-|-]-]|-] Cam. 
» Sollasi, Chap.- | *11|-|-|-]-]-]-]-]-]-]-]-]-]|-| Cam. 
95 tuberculata, *la}]-}-|-]-]-]-]-]-]-]-|]-|]-]-| Cam. 
Sollas 
a sp-  - -|-|-]-|]-}]-|]-]-]-]9]-]-|-]-]-] 9 ct 
RADIOLARIA. 
Acanthospheera -|-|-]-|]-]- 6 8) - -|-|-|- | 6 Bd, He, 8 Sur. 
Amphibrachium -|-l-]|-|-|[-]-|6]-|- -~|-]|-|-| 6 Do, Bd, He.- 
Cenosphera - -|}-|-}-|-]-]-]6]-]8]-]-]-]-]-]- | 6Do, Bk, Bd, He, Cam, 
Yo. 8Sur. 
Coccodiscus - -{-/-]-]-|]-|]-]-|]8]-]-|]-|]-|]-]|- |] 8Sur 
Cyrtocalpis - -;-]-|]-]-]-]-]-]-|]$]-]-}]-]-]-]-] $Sur. 
Dicolocapsa - -|-]-]-]- }-]-]-]-]8]-]-|-]-]-]-] 8Sur. 
Dictyomitra, - -}-]-]-}-]-]-]-]-]8]-]-]-]-]-]-] Sur. 
Doryspheera - -J-|]-]-]-]-1-]6]-]-]-]-]-]|-]|-]- | 6 Do, Sur, Bd, He. 
Hagiastrum - -[-]-]-]-]-[-]-]-[8[-]-|]-|-|]-]-[88ur 
Lithapium -f-|-]-]-]-]-]-]-}]8]-]-]-|]-]-]-]| s8uw. 
Lithocampe - -}-]-J]-]-]-]-]-]-]8]-]-j]-|]-]-]-] 88ur 
Rhopalastrum -}-}-]-]-)-]-}-]-]8]-]-]-]-]-]-] 88ur. 
Spongoplegma ? © -|}-]-]-}-]-]-{6]-]=]-]-]-]-]-]-] 6 Do, Bd, He. 
Spongotripus -}-]|-}-]-]-]-]-]-]8]-]-]-]-]-]-]| 88ur. 
Stauralastrum -J-/-]-]-]-!]-]6]-]8}-|-|-]-]-]-|6He 8Sur 
Stylospheera - : -}-]-];-}]-]-}-]-]8]-]|-|]-]-|]-]-] 8 Sur. 
Theodiscus . -|-]-]-]-]-]-]-|]8]-]-|-]-]-]-] 8Su. 
Trilonche - -|-|-]-]-]-]-|]-]8]-]-]-]-]-|]-]| Sur. 
Trigonactura -|-]-}-]-]-]-]-|]8]-]-]-]-]-|]-]| 8Sur. 
Trigonocyclia -|-}-]-jJ-]-]-]-l-]8]-]-]-]-]-j- | 8 8ur 
Zygostephanus -;-|}-]-]J-}-]-]-|-|]8]-]-|-}-]-]-] 8Sur 


520 THE CRETACEOUS ROCKS OF BRITAIN. 


APPENDIX Il. —BIBLIOGRAPHY. 


CATALOGUE oF PUBLICATIONS REFERRING to tHE Rocks AND Fossiis oF 
THE Upper CRETaczous SErigs oF ENGLAND. 


1, Publications of the Geological Survey. 


A.—Memoirs. 


Cretaceous Rocks or Britain, Vol I. The Gault and Upper Greensand, 
1901. Vol. II. The Lower.and Middle Chalk, 1903. By A. J. Jukes- 
Browne, with contributions by W. Hill. 

ATTLEBOROUGH, WaTToNn, AND WymonpHam. The Geology of the Country 
around. Explanation of Quarter-sheet 66 S.W. By F. J. Bennett. 
1884. 

BERKSHIRE AND Hampsuire. Geology of Parts of. Expl. of Sheet 12. 
By H. W. Bristow and W. Whitaker. 1862. 

BerksuirE. The Water Supply of, from underground sources. By J. 
H. Blake, with contributions by W. Whitaker. 1900. 

Bury Sr. Epmunps anp Newmarxer. Geology of the Country between. 
Exp!. of Quarter-sheet 51 S.E. By F. J. Bennett and J. H. Blake. 
1886. ; 

Camspripce. Geology of the Neighbourhood of. Expl. of Quartersheet. 
51 S.W. with parts of 51 N.W. By W. H. Penning and A. J. 
Jukes-Browne. 1881. 

CAMBRIDGESHIRE AND SurroLk. The Geology of Parts of. Expl. of 
Quarter-sheet 51 N.E. and part of 51 N.W. By W. Whitaker, H. B. 
Woodward, F. J. Bennett, S. B. J. Skertchly, and A. J. Jukes-Browne. 
1891. 

CAMBRIDGESHIRE, NoRTHERN. (See NorFOLK.) 

Cuicuestrr. Geology of the Country around. By C. Reid and G. W. 
Lamplugh. 1903. 

CornwatL, Devon, AND West Somerset. Report on the Geology of. By 
Sir H. De la Beche. 1839. 

Cromer. Geology of the Country around. Expl. of Sheet 68 E. By 
Clement Reid. 1882. 

Derrenam, East. The Geology of the Country around. Expl. of Quarter- 
sheet 66 N.W. By J. H. Blake; parts by H. B. Woodward and F. J. 
Bennett. 1888. 

Diss, Eyr, Borgspatz, anp Ixwortu. Geology of the Country around. 
Expl. of Quarter-sheet 50 N.W. By F. J. Bennett. 1884. 

DorcuesteR. The Geology of the Country around. Expl. of Sheet 328. 
New Series. By Clement Reid (with notes by A. J. Jukes-Browne). 
1899. 5 

DrirtieLp. The Geology of the Country around. Expl. of Quarter- 
sheet 94 N.W. By J. R. Dakyns and (. Fox-Strangways. 1886. 

EaSTBOURNE. Geology of the Country around. Expl. of Sheet 334. 
New Series. By Clement Reid. 1898. 

Essex and Herts. Geology ot Parts of. Expl. of Sheet 47. By W. 
Whitaker, W. H. Penning, W. H. Dalton, and F. J. Bennett. 1878. 

Faxenwam, WELLS, AND Hort. Geology of the Country around. Expl. 
of Quarter-sheets 68 N.W. and S.W. By H. B. Woodward. 1884. 

FoLKESTONE AND Ryn. Geology of the Country between. Expl. of Sheet 
4, Ry F. Drew. 1864. 


BIBLIOGRAPHY. 521 


Istz or Wicut. The Geology of. By H. W. Bristow. Second Edition 
revised and enlarged by Clement Reid and A. Strahan. 1889. 

Lincotn. The Geology of the Country around. Expl. of Sheet 83. By 
W. A. E. Ussher, A. J. Jukes-Browne. and A. Strahan. 1888. 

LinconnsHire, East. The Geology of. Expl. of Sheet 84 (Louth, Alford, 
and Spilsby). By A. J. Jukes-Browne. 1887. 

LincotnsHirE, Norte anp SourH YorxsHire. The Geology of Parts of. 
Expl. of Sheet 86. By W. A. E. Ussher (parts by A. C. G. Cameron, 
C. Fox-Strangways, C. Reid, and A. J. Jukes-Browne). 1890. 

Lonvon Basin. The Geology of the. Being Volume IV. of the General 
Memoirs. By W. Whitaker. 1872. 

Lonpon anp NzicuBourHoop. Guide to the Geology of. By W. Whitaker. 
6th edition. 1902. 

Lonpon and Parts oF THE THamEs VaLLEy. The Geology of. Expl. of 
Sheets 1,2,and 7. By W. Whitaker. 1889. 

Vol. I. Descriptive Geology. 
Vol. II. Appendices—well sections, borings, &ec. 

Muppiesex, &c. Geology of Parts of. Expl. of Sheet 7. By,W. Whitaker. 
1864. 

Norro.k. SouTH-WESTERN, AND NortHERN CAMBRIDGESHIRE. The Geology 
of. Expl. of Sheet 65. By W. Whitaker, 8. B. J. Skertchly, and 
A. J. Jukes-Browne. 1893. 

Norwice. Geology of the Neighbourhood of. Expl. of Quarter-sheets 
66 N.E.and8.E. By H. B. Woodward. 1881. 

OXFORDSHIRE AND BerxsHirE. Geology of Parts of. Expl. of Sheet 13. 
By E. Hull and W. Whitaker. 1861. 

PursBeck, Iste oF, aND WrymoutH. The Geology of. Expl. of Sheets 
341, 342, 343, New Series. By A. Strahan. 1898. 

Sauispury. Geology of the Country arround. By C. Reid, with notes by 
H. B. Woodward, F. J. Bennett, and A. J. Jukes-Browne. 1903 

ScarsoroucH. Geology of the Oolitic and Cretaceous Rocks south of. 
Expl. of Sheet 95 (S.W. and 8.E.). By C. Fox-Strangways. 1880. 

SoutHamlpton. Geology of the Country around. By Clement Reid 
Exp. of Sheet 315, new series. 1902. 

Stowmarket. Geology of the Neighbourhood of. Expl. of Quarter- 
sheet 50 8.W. By W. Whitaker, F. J. Bennett, and J. H. Blake. 
1881. 

SurroLk. Geology of Part of. (See Cambridgeshire.) 

Sussex. The Water Supply of, from underground Sources. By W. 
Whitaker and Clement Reid. 1898. 

Wasu. Geology of the Borders of the. (Boston, Lynn, and Hunstanton.) 
Expl. of Sheet 69. By W. Whitaker and A. J. Jukes-Browne. 1898. 

Weatp. The Geology of the. Including parts of the counties of Kent, 
Surrey, Sussex, and Hants. By W. Topley. 1875. 

WILTSHIRE AND GLOUCESTERSHIRE. Geology of Parts of. Expl. of Sheet 34. 
By Sir A. C. Ramsay, W. T. Aveline, and E. Hull. 1858. 

York anp Hutt. The Geology of the Country between. Expl. of 
Quarter-sheets 93 S.E. and 94 8.W., and part of Sheet 86. By J. BR. 
Dakyns, C. Fox-Strangways, and A. ©. G. Cameron. 1886. 

Yorx (N.E. oF) anD Matton (8. or). The Geology of the Country. Expl. 
of Quarter-sheet 938 N.E. By C. Fox-Strangways. 1894. — 


CaTaLocuE of the Cretaceous Fossils in the Museum of Practical Geology. 
By E. T. Newton. 1878. ; 

Ficures anp Descriptions oF British Orcanic Rematns. Decades 1, 
3 and 4, by Prof. E. Forbes; Decade 5, by Prof. Forbes, Dr. 8. P. 
Woodward, and J. W. Salter ; and Decade 12 (Fishes) by Prof. T. H. 
Huxley. 1849-1866. 

Monocraru. No. IV. The Chimeroid Fishes of the British (Cretaceous 
Strata. By E. T. Newton. 1878. 
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B. Maps. 
One Inch Scale; Old Series. 


1. §.E. Langdon Hill, Gravesend, Rayleigh, &c. 1868. 
1, S.W. East London, Woolwich, Dartford, &e. 1868. 
2. Sheerness, Shoeburyness, &c. 1868. 
3. Canterbury, Ashford, Margate, Ramsgate, and Dover. 1868. 
4. Country between Folkestone and Rye. 1863. — 
5. Hastings, Eastbourne, Hailsham, Lewes, Seaford, &c. 1864. New 
edition, 1893. 
6. Bromley, Chatham, Maidstone, Tonbridge, &. 1864, revised to 1889. 
7. West of London, Windsor, Wendover, High Wycombe, &. 1861, 
revised to 1872. 
8. ae aa ae Dorking, Guildford, Farnham, &e. 1862, revised: 
0 s 
9. Been, Chichester, Horsham, Haslemere, &c. 1864. New edition, 
1893. 
10. Isle of. Wight, 1856 (withdrawn). See New Series 330, &c., 1893. 
11. Winchester, Southampton, Portsmouth, Petersfield, &c. 1858. 
12. Newbury, Andover, Basingstoke, Alton, &c. 1860. 
18. Oxford, Reading, Wantage, Lambourn, Thame, Henley, &e. 1860. 
14. Marlborough, Amesbury, Westbury, Devizes, Warminster, &c. 1857, 
revised to 1859. 
15. Salisbury, Blandford, Shaftesbury, Cranborne, &. 1856. 
16. Coast of Dorset from Hurst Castle to Lulworth. 1856. 
17. Dorchester, Weymouth, and Bridport. 1850, revised to 1855. 
18. Crewkerne, Beaminster, Sherborne, Yeovil, Cerne Abbas, and Win- 
canton. 1850, revised to 1875. 
19. Bath, Frome, Wells, Mere, &c. 1845, revised to 1873. 
21. Taunton, Tiverton, Honiton, Chard, &c. 
22. Coast of Devon from Lyme Regis to Torbay, Exeter, &c. 
34, Stroud, Cirencester, Calne, Swindon, and Marlborough Downs. 
1857, revised to 1859. : 
46. N.E. Hitchin, Biggleswade, &c. 1869, revised to 1891. 
46. 8.E. Hatfield, Luton, Stevenage, &c. 1867. 
46. N.W. Newport Pagnell, Winslow, Woburn, &c. 1864. 
46. 8.W. Aylesbury, Tring, Dunstable, &. 1865. 
47. Hertford, Bishopstortford, Sudbury, Braintree; &c. 1881. 
50. S.W. Lavenham, Stowmarket, &. 1881. 
50. N.W. Ixworth, Botesdale, Diss, and Eye. 1882. 
50. N.E. Harleston, Halesworth, &c. 1883. 
51..8.W. Country round Cambridge. 1881. 
51. N.W. Ely, St. Ives, &e. 1882. 
51. S.E. Newmarket, Bury St. Edmunds, &c. 1882. 
51. N.E. Mildenhall, Culford, and Thetford. 1883. 
66. S.W. Attleborough, Watton, and Wymondham, 1884. 
66. N.W. East Dereham, Litcham, &c. 1885. 
68. E. Norfolk coast, by Sherringham, Cromer, Mundesley, &c. 1883. 
68. §.W. Holt, Fakenham, Wells, &c. 1885. 
68. N.W. Norfolk coast from Weybourn to Wells, 1883. 
69. The Wash, Boston, Hunstanton, Docking, &c. 1886. 
83. Lincoln, Market Rasen, Horncastle, &c. 1886. 
84. Alford, Spilsby, and Louth and East Coast. 1884. 
86. Caistor, Hull, and Humber Estuary. 1888. 
94, S.W. Beverley, Market Weighton, &c. 1884. 
94, N.W. Driffield, Fimber, &c. 1884. 
94. N.E. Bridlington. 1882. ° 
95. S.E. Speeton and Flamborough Head. 1881. 
95. S.W. Filey, Scarborough, &e. 1881. 
Large Sheet, ‘‘ London and its Environs,’ 1873. 


81. 


84, 
120. 
121. 
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One Inch Scale. New Series. 
Newbury. 1898. 


. Reading. 1898. 

. Devizes. 1899. 

. Andover. 1898. 

. Basingstoke. 1897. 

. Salisbury. 1901. 

. Winchester. 1896. 

. New Alresford. 1898, 
. Ringwood. 1902. 

. Southampton. 1899. 
. Havant. 1900. 


Chichester. 1902. 
Dorchester. 1898. 


. Bournemouth. 1895. 

. Parts of New Forest and N.W. of Isle of Wight. 1893. 

. Portsmouth and N.E. part of Isle of Wight. 1893. 

. Newhaven and Eastbourne. 1893. - 

. 331, 344, 345. Isle of Wight with mainland. Second edition, 189% 
. Newton Abbot. 1902. 

. Dorset coast, Langton Herring, 1895. 

. Portland, Weymouth, Lulworth. 1896. 

.. Swanage and Corfe. 1895. 


C.—Horizontal Sections, on a scale of 6 inches to a mile. 


* Those marked thus have brief explanations. 


. No. 1. From Mere, in Wilts, to Vobster, in Somerset. 1845. 


‘Revised to 1871. 


. From Knighton Heath (Dorset) to near Honiton (Devon). 1851. 
20. From Portland Bill to near Castle Cary (Somerset). 1852. 
. From the sea at Golden Cap (Dorset) to the River Brue, south of 


Glastonbury Tor (Somerset). 1852, revised to 1873. 
No. 2. From the Coast near Lulworth to Cadbury Castle (Somerset). 


. Sections through South Dorset from the coast. 1859. 


From Marlborough Downs across the Cotteswolds to the River Avon. 
1860. 


. From Nettlebed Hill (Oxon) to Burton Dassett Hills (Warwick). 


1867. 


. No. 2. From Lambourn Downs (Berkshire) to Kencott (Gloucester 


shire). 1867. 


. From Selsea Bill (Sussex) to Chobham Ridges (Surrey). 1868. 

. From Chobham Ridges (Surrey) to Bishopstone (Bucks). 1868. 

. From near Worthing (Sussex) to Hampton (Middlesex). 1867. 

. From near Brighton to the North Downs near Merstham. 1867. 

. From west of Newhaven Harbour (Sussex) to Knole Park and the 


North Downs of Kent. 1867. 


. From near Beachy Head to near Boxley, N.E. of Maidstone. 1867. 
. Across the London Basin, from Beddington (Surrey) through London 


to near Hemel Hempstead (Herts). 1868. 


. From near Gosport (Hampshire) through Berkshire, Oxfordshire, 


and Warwickshire to Tamworth in Staffordshire. 1870. 
From near Gosport (Hampshire) to White Hill near Kingsclere, and 
from White Hill to near Pinsley Wood in Oxfordshire. 1870. 
From Boxley (Kent) to the River Chelmer (Essex). 1871. 
From near Farningham (Kent) to Widford (Essex). 1871. 
Across Hertfordshire and Bedfordshire to near Kimbolton, 1878. 
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125. From near Dunstable (Beds) by Woburn to Mears Ashby. 188]. 
126. From the river Chelmer (Essex) to Cambridge and Madingley. 1882. 
*127. The Norfolk Cliffs from Happisburgh to Weybourn. 1882. 
*139. Section along the Western Escarpment of the Yorkshire Wolds ; 
illustrating the overstep of the Cretaceous Rocks. 1884. 


General List of Works in which English Upper 
Cretaceous Rocks are described. 


N.B.——-Of works published before 1800, only a few of the more important 
publications are mentioned. Papers on Water supply are not included, 


1628. 
VERSTEGAN, R. A Restitutio of Decayed Intelligence in Antiquities 
concerning the most noble and renowned English Nation. 4to. 
London. Other editions in ? 1684 and 1723. 


1728. 
WOODWARD, DR. J. Fossils of all kinds, Digested into a Method, 
suitable to their mutual Relation and Affinity. 8vo. London. 


1729. 
WOODWARD, DR. J. An Attempt towards a Natural History of the 
Fossils of England in a Catalogue of the English Fossils in the Col- 
lection of J. Woodward, M.D. 8vo. Londen. 


1742. 
PACKE, DR. C. A Philosophico-Chorographical Chart of East Kent 
(wherein are described the Vallies . . . . Hills . . . . Ail- 


bourns, and Rivers, Springs . . . . 
Chalk Pits, Minerals, Soils). Canterbury. 


1753. 
KALM, P. En Resa til Norra America. Tom I. Stockholm. A trans- 
lation into English made by Mr. Joseph Lucas and published in 
London, 1892. 


1789. 
WHITE, REV.G. The Natural History of Selborne. 4to. London. Many 
subsequent editions. 


Quarries, Gravel, Sand, and 


1801. 

PENNANT, T. A Journey from London to the Isle of Wight. 2 vols. 
Ato. London. 

1802. 

ENGLEFIELD, SIR H. C. Observations on some remarkable Strata 
of Flint in a Chalk-pit in the Isle of Wight. Trans. Linn. Soc., Vol. VI., 
pp. 103, 308. 

1804-1811. 

PARKINSON, J. Organic Remains of a former World. An examina 
tion of the mineralized remains of the vegetables and animals of the 
antediluvian world generally termed extraneous fossils. 3 Vols. 
and plates. 4to. London. 


1806. , 
FAREY, J. On the Stratification of England, &c. Phil. Mag., Vol. 
XXV., p. 44. 
1808. 
ALBIN, J. Vectiana, or a Companion to the Isle of Wight. Seventh 
edition. 12mo. London. (Twelfth edition, 1831.) 
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1809. 
COOKE, W. A New Picture of the Isle of Wight, illustrated with 36 
plates, and a voyage round the coast. 8vo and 4to. London. 
(Second edition, Southampton, 1813.) 


1810. 
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Cuckmere Haven, 36. 

Cuckhamsley Knob, 202, 208. 

Culver Cliff, 89, 93, 322, 326, 331, 
334, 335, 339. 

Cuspidaria caudata, 16. 

Cuxton, 159, 160, 168. 

Cymbeline’s Mount, 412. 

Cyphosoma corollare, 20. 

—— Kenigi, 19, 20. 

—— radiatum, 20. 

Cyprina quadrata, 16. 


Dagnal, 224. 

Dalton, W. H., 436. 

Danes Dyke, 284, 286, 287. 

Dawson, Ch., 392. 

Debenham, 246. 

Deecke, Prof., 264, 375. 

Dene Holes, 392. 

Dentalium turoniense, 16. 

Depth of Chalk Sea, 364 et seq. 

Desmepora semicylindrica, 18. 

Devonshire, 125. 

Dewlish, 111. 

Diastopora papillosa, 18. 

Dibley, G. E., 2, 165-168, 172, 177, 
180. 

Dieppe, 6, 298. 

Diss, 245. 

Docking, 254. 

Dorchester, 109, 111, 336, 338, 339. 

Dorset, North, 116, 397, 408, 417. 

—— South, 97. 

Doryderma ramosum, 9, 22. 

Doullens, 294. 

Dover, 6, 7, 135, 187, 304, 307, 314, 
316, 326. 

Dowker, G., 1, 6, 7, 135, 150. 

Down House, 121. 

Downs (North and South), 402, 414. 

Downton, 69. 

Driffield, 357. 

Duncton, 52. 

Dunstable, 224. 

Durdle Cove, 103-105. 

Durnford, 78, 356. 

Durley, 195. 

Duvillier, M., 356, 398, 399. 


Earlstoke, 194. 
Eastbourne, 30, 304, 312, 314, 
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Easton (Hants), 61. 

Echinodermata, 18. 

—— fragments of, 303, 316, 323, 33], 
335, 340. 

Echinocorys scutatus, 20, 21. 

Echinoconus, see Galerites. 

Elevation, movements of, 361, 374. 

Elvedon, 243. 

Emarginua Sancte-Catharine, 16. 

Enford, 195. 

Enoplodytia Leachi, 18. 

—— sussexensis, 18. 

Entalophora proboscidea, 18. 

Enthorpe, 280, 282, 307, 315, 316, 

» 319, 320. 

Epiaster gibbus, 20. 

Erith, 155, 167. 

Escarpments, 402. 

Eschara Acis, 18. 

—— Danae, 18. 

Essex, 235, 236, 392, 436. 

Etheridge, R., 246, 44%. 

Etretat, 296, 298. . 

Evans, Caleb, 1, 172, 177, 178. 

Excavation of valleys, 420, 


Fan Hole (Dover), 138. 

Farlington, 59. 

Farnham, 176, 357, 403. 

Featherstonehaugh, G. W., 386. 

Fécamp, 295, 298. 

Felspar, 310, 319, 325, 329, 338, 341. 

Ferriby, North, 278. 

Finest material of chalk, 343.° 

Fish of Upper Chalk, 14. ~ 

—~— as evidence of depth, 378. 

Fisher, W. W., 445. 

Fisherton, 80. 

Flamborough Head, 275, 280, 282, 
286, 327, 329, 330. 

Flints, composition of, 359. 

—— floors of, 272, 437. 

—— quarries of, 241, 243. 

—— as road-metal, 393. 

—— varieties of, 8, 9, 10 12, 57, 259, 

378. 

Foraminifera, 303-305, 308, 316, 318, 
323, 324, 328-337, 340, 343, 347- 
3538, 366, 371-375. ry 

Forbes, D., 358. ‘ 

Fordington, 112. 

Foreness, 148, 149. 

Fornham, 241 

Fossils, General list of, 459. 

Fotherby, 273. 

Fox-Strangways, 280. 

France, Chalk of, 290, 

Frankland, Dr., 355. 

Freestone of Beer, 379, 
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French, H. H., 431. 

Freshwater, 92, 93, 314. A 
Freshwater Bay, 90, 91. 
Frindsbury, 164, 165, 168. 


Gadshill, 164. 

Galerites albogalerus, 20. 

Gamble, W., 155, 160, 162, 163, 168. 

Garnet, 310. 

Gasteropoda, 16, 364, 374, 448. 

Gildea, G. P., 389, 390. 

Gillingham, 164. 

Glauconite, 310-312, 325, 338, 364. 

Globigerina, 309, 316, 321, 322, 324, 
335, 340, 347, 348. 

Globigerina-ooze, 347, 369. 

Godmersham, 157. 

Godwin-Austen, R. A. C., 179. 

Gore Cliff, 396. ; 

Goodmanham, 280. 

Goodwood, 56. 

Goring, 208. 

Gosselet, Prof. J., 291, 292. 

Granite-boulder in chalk, 179. 

Grant-Wilson, J. 8., 357, 359. 

Gravesend, 156, 166, 168. 

Greaves, Ch., 432. 

Green-coated nodules, see Nodules. 

Greenhithe, 166. 

Gregory, Prof. J. W., 370, 460. 

Griffith, Ch., 2, 58, 60-64, 87, 91-94, 
107-109, 190, 459. 

Grinstead, West, 82. 

Grossouvre, A. de, 5, 292, 294, 297, 
299, 362. 

Guettardia stellata, 22. 

Guildford, 175, 176, 180, 317. 

Guise, 293. 

Guist, 258. 

Gun-flints, 385. 

Gypsies, 431. 


Hagenovia rostrata, 20. 

Haling, 178.. 

Hallencourt, 294. 

Haldon Hills, 131-133. 

Hampshire, 57, 415. 

Handfast Point, 101. 

Harefield, 231. 

Hardness of chalk water, 438. 

Hardivilliers, 294, 

Harnham, 71, 81. 

Harpenden, 440. 

Harrow, boring at, 444. 

Harrison, Prof. J. B., 354-356, 360. 

Harts Lock Wood, 207. 

Hauxton, 390. 

Hawkins, C. E., 58. 

Hébert, E., 3, 6, 7, 9, 10, 135,138, 140, 
143, 295-298, 
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Henley, 210, 216, 399. 

Hensting Farm, 62. 

Hertfordshire, 223, 388, 391, 432, 440. 

Heteroceras reussianum, 14, 15. 

Heterostinia obliqua, 22. 

Hewetson, G. H., 235, 246. 

Heydon, 237. 

Heytesbury, 72. 

Higham, 166, 239. 

Highfield, 80, 327. 

Highwood, 122. 

Hill, Rev. E., 235, 240, 241, 244, 245. 

Hill, W., 30, 45, 47, 52, 53, 87, 91, 92, 
109, 136, 142, 150, 155, 165, 173- 
180, 205, 212, 216, 218, 223, 226, 
228, 232, 249, 253-256, 271 -275, 
278, 280, 281, 288, 364, 368, 374, 
376, 384, 459. 

fLilton, 118. 

Hind, Dr. W., 241. 

Hinde, Dr. G. J., 228,49336, 421, 460. 

Hindon, 76, 406. 

Hinderclay, 245. 

Hitchin, 307, 311, 315, 320, 326, 344. 

Hodgson, T., 358. 

Hogsback, the, 403. 

Holaster planus, 20, 457 

—— placenta, 20, 458. 

Holden, Dr., 244. 

Holmes, W. M., 174, 180 

—— T. V., 392. 

Holkham, 259. 

Holkham Hall, 251. 

Homington, 77. 

Homeosolen ramulosus, 18. 

Hopkinson, J., 232, 425, 432, 433. 

Hornsea, 278. 

Hughes, Prof. T. McK., 164, 404. 

Hume, Dr. W. F., 310, 319, 325, 329, 
338, 361-365, 368, 373, 374, 376, 
378. 

Hunmanby, 283. 

Hursley, 62. 

Hurstbourne, 187, 189. 

Hutchin’s History of Dorset, 433. 


Ibbetson, Capt., 396. 
Icklingham, 243, 386. 
Ilsley, 202. 

Infulaster excentricus, 20. 
Ingold, J., 240. 

Inklefield Farm, 59. 
Inoceramus Bed, the, 398. 
Inoceramus"digitatus, 16. 
--— involutus, 16, 25. 
—— latus, 16, 448, 449. 
—— pictus,"450. 

—— -prisms,'302,°317, 323,347. | 
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Ireland, 361, 368. 

Iron-oxide, 312, 319, 325, 338. 
Isle of Wight; see Wight. 
Iwerne, 120, 310, 313. 
Ixworth, 241. 


Jereica clava, 22. 
Johnston-Lavis, H. J., 168. 


Kalm, P.,382. 

Kenley Beds, 176, 177, 180. 
Kent, 135, 155. 

Keston, 167. 

Kilecombe Bridge, 63. 
Kimble, 412. 

Kingena lima, 18. 
Kingsley, Ch., 416. 
Kingsdown, 145. 
Kingsgate, 147, 148. 
Kingsclere, 183, 184. 
Kingston (Sussex), 50. 
—— (Dorset), 112. 
—— Deverill, 75. 
Kintbury, 203, 393. 
Kipling Cotes, 280, 282. 
Kirkaldy, D., 380. 

Kirk Ella, 322, 326, 368. 
Kirmington, 274. 
Kitchin, Dr. F. L., 10, 149. 
Kits Coty House, 158. 
Knighton, 112. 

Knoyle, 75. 


Lambert, J., 295. 

Lambourn, 201. 

Lambcroft, 274. 

Lamellibranchiata, 16, 369, 375, 448. 

Lamplugh, G. W., 275, 276, 278, 281- 
288. 

Lancing, 50, 53. 

Langdon Stairs, 138, 140, 142. 

Langford, Steeple, 72. 

Lapparent, A. de, 297, 299. 

Lasne, M., 294. 

Letodon anceps, 14. 

Lennier, M., 296, 297. 

Letcombe, 201. 

Letchmoor Heath, 232. 

Levants, 431. 

Level of saturation, 427, 429, 434, 

Lewes, 46, 319, 3203 

Lewisham, 167, 168. 

Lexham, 256. 

Lezennes, 292, 

Lille, 291, 292, 363. 

Lima aspera, 450. 
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Lima elongata, 451; 

—— granosa, 16. 

—— Hoperi, 16, 25; 

—— leviuscula, 16: 
Limber, 275. 

Lime, making of, 387: 
Lincolnshire, 271, 413: 
Lingheath, 241, 243. 
List of fossils, 459, 
Litcham, 256. 

Litchfield, 184, 187. 
Littlewick Green, 218. 
London Basin, 13, 435, 440; 
—— Clay, 422, 438: 
Longstock, 63. 
Loriol-Lefort, M., 455. 
Louth, 271, 272. 

Lucas, J., 382, 4325 
Lulworth, 108. 

Lunulites cretacea, 18; 
Luton, 224, 226, 315, 344, 
Lyell, Sir Ch., 261. 

Lyme Regis, 125, 126, 303, 310, 312. 


Magas pumilus, 18. 

Maiden Newton, 118, 317, 399. 

Mansergh, Mr., 437. 

Mantell, G. A., 28, 449. 

Mapledurham, 217: 

Marcasite, 341. 

Markyate Street, 224. 

Margate chalk, 1, 135, 145, 148, 327, 
330. 

Varlow, 217. 

Marlborough, 194, 197-199. 

—— Downs, 411, 416. 

Marham, 384. 

Marne, Department of the, 292. 

Marsupites testudinarius, 20, 21. 

—— zone of, 3, 4, 37. 

Martesia rotunda, 16. 

Marwell Road, 62. 

Masey, P. E., 380. 

Matrix of Upper Chalk, 343. 

Medmenham, 212, 216, 311, 315, 319, 
320, 344, 384. 

Medway, valley of the, 160, 161, 164. 

Melbury Hill, 408. 

Melcombe Bingham, 408. 

Mercey, M. de, 292, 294. 

Mere, 75. 

Mersly Down, 94: 

Metopaster, species of, 20. 

Meyrick, E., 2, 194, 198, 199. 

Mica, 310, 312, 341. 

Micheldever, 188, 189. 

Micraster coranguinum, 19, 20, 27. 

—— cortestudinarium, 15, 20, 26. 
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Micraster Leskei, 17, 20, 34. 
—— precursor, 7. 
—— species of, 7, 20, 22. 
Microscopie structure, 302. 
Microcline, 341: 
Middlesex, 223, 231. 
Middleton, 63. 
Milford, 81, 331, 334: 
Mill, H. R., 404, 405. 
Minterne, 347. 
Missenden, 210. 
Mitcham, 438. 
Mitraster Hunteri, 20. 

— rugatus, 20. 
Mollusca, as evidence of depth, 365, 

369, 374. 
Monks Eleigh, 244. 
Monkshatch, 176, 317. 
Morgans Hill, 195, 196. 
Morison, Dr., 227. 
Mortimer, R., 277, 283, 285, 358. 
Mosasaurus Campert, 14. 
Mottisfont, 64. 
Mottistone, 94. 
Mundesley, 263, 341, 342, 346. 
Mupe Bay, 102. 


Nailbournes, 431. 

Natica vulgaris, 16. 

Nautilus fleuriausianus, 14. 

—— sublevigatus, 14. 

Needham Market, 245. 

Nedging, 245. 

Netherhampton, 78: 

Nettlebed, 207. 

Newbury, 203. 

Newhaven, 37, 39. 

Newton, E. T., 179, 237, 447, 460. 

Newsells Bury, 236. 

Nodules, green-coated, 72-78, 93, 
98, 117, 184, 186, 194, 201, 208, 
226, 237, 238, 373, 394; .see also 
Chalk Rock. 

Norfolk, 249. 

Normandy, Chalk of, 295-299. 

Normandy Farm, 120. 

Norrington, 188. 

North Downs, 403. 

North Sea Landing, 281, 282. 

Northfleet, 166, 168. 

Northwould, 384: 

Norwich, 11, 249, 251, 259, 335, 336, 
339, 375, 385, 386. 

Notton, 119. 

Nutford, 117. 


Oakham Close, 118. 
Oare, 195, 198. 


INDEX. 


Odiham, 190. 
Odstock, 79. 
Offaster pillula, 20. 
Offham, 46, 47. 
Ogbourn Maisey, 197. 
Okeford Hill, 117. 
Oldbury Hill, 197, 198. 
Oreaster bulbiferus, 20. 
—— pistilliferus, 20. 
Ormsby, 273, 274, 357. 
Ostracoda, 309, 318, 324, 329, 333, 
336. 
Ostrea acutirostris, 16. 
—— canaliculata, 16, 452. 
—— hippopodium, 453. 
—-— lunata, 16, 25, 452. 
—— semiplana, 16, 453. 
—-— vesicularis, 16. 
—— wegmaniana, 16. 
Otterbourne, 357. 
Ouse, Valley of the, 46. 
Overton, 188, 189. 
Ovingdean, 37. 
Owermoyne, 112. 
Oxfordshire, 205. 


Pachastrella convoluta, 22. 

Pachydiscus peramplus, 14, 15. 

Paine and Way, Measrs., 395. 

Pakenham, 241. 

Pangbourn, 214, 215. 

Paramoudras, 12, 259. 

Paris Basin, 290, 295. 

Pasley, Major-Gen., 387. 

Pecten cretosus, 16, 25. 

—— mantellianus, 16, 25. 

—— Nilssoni, 16. 

—— robinaldinus, 454. 

—— rotomagensis, 454. 

Pegwell Bay, 145. 

Penning, W. H., 236, 421. 

Pentagonaster megaloplax, 2\). 

Petalopora pulchella, 18. 

Pewsey, Vale of, 195, 409: 

Pharetrospongia Strahani, 22: 

Phillips, W., 6, 7, 28, 135, 143. 

Phosphatic chalk, 46, 220, 307, 323, 

—— nodules, 72, 75, 93, 98, 117, 184, 

194, 201, 208, 226, 237, 238, 373, 

394. 

Physical features of chalk districts, 
402. 

Picardy, 294. 

Piddletown, 112. 

Piddletrenthide, 118. 

Pinhay cliffs, 125-128, 303, 312, 
313, 344. 

Pinkneys, 218. 
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Player, H., 400: 
Pleurotomaria perspectiva, 16. 
Plinthosella compacta, 22. 
—— squamosa, 22. 
Plocoscyphia convoluta, 22. 
Plumpton, 48. 

Pollard, Dr. W., 398, 399. 
Polyptychodon interruptus, 143 
Porochonia simplex, 22. 
Porosphera globularis, 22: 
Port Susette, 298. 

Portland Cement, 387. 
Portobello, 39. 

Portsdown, 59. 

Pourville, 289. 

Preston, Rev. T. A. 416; 
Preston (Herts), 226. 
Prestwich, Sir J., 439. 
Prionocyclus Neptuni, 14; 
Proboscina ramosa, 18. 
Pseudodiadema Brongniarti, 4554 
—— Mackiei, 456. 
Ptychodus Owent, 14. 
Ptychoceras Smithi, 14. 
Punfield Cove, 319, 398. 
Purley Beds, 177. 

—— Junction, 177, 178. 
Pustulipora pustulosa, 18, 
Pycnaster angustatus, 20. 


Quartz-grains, 310, 312, 319, 325, 
329, 333, 338, 341, 344: 
Quidhampton, 78. 


Radiolaria, 174. 

Ramsgate chalk, 1, 135, 145, 147; 

Ravendale, 274. 

Redhorn Hill, 194. 

Reims, 294. 

Reid, C., 45, 56, 111, 117. 118, 122, 
123, 260-263, 275, 341, 420, 422. 

Remenham, 216, 218. 

Reptilia, 14. 

Reticulipora obliqua, 18. 

Rew Farm, 110, 305, 313. 

Rhabdoliths, 343. 

Rhizammina, 332. 

Rhodes, J., 39, 40, 45, 47, 48, 50, 53, 
55, 90, 130, 134, 161-164, 217- 
“219, 224, 227, 232, 249, 255, 256. 
383. 

Rhynchonella limbata, 18, 23. 

—— plicatilis, 18, 23. 

—— reedensis, 17, 18. 

Richmond, 172, 437. 

Rickinghall, 245. 

Rickmansworth, 231. 
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Riddlesdown, 178: 

Ringland, 257." 

Ringwold, 150. 

Risborough, 210; 

Road-metal, 393. 

Rochester, 164. 

Roedean, 37, 38. 

Ropley, 62. 

Rose, C. B., 249, 255, 256, 383. 
Rottingdean, 40. 


Rouen, 296. 
Rowe, Dr. A. W., 2, 4, 7-11, 28, 
31-34, 37-40, 97-99, 101-108, 


112, 128, 130, 134, 136, 138, 140- 
150, 240, 244, 275, 371, 459. 
Royston, 235, 2363 
Rudham, 255. 
Riigen, chalk of, 12, 264, 376. 
Runton, 2605 
Rutile, 341. 


Saffron Walden, 239. 

Saham Tony, 255. 

Salenia geometrica, 20. 

Salisbury, 69, 78, 80, 331, 336, 339, 357. 

—— Plain, 416, 418, 419. 

Salts in chalk water, 438, 440. 

Sanford, P. G., 355. 

Saturation, level of, 427, 429, 434. 

Saunders, J., 226, 227, 382. 

Saxham, 239. 

Scalaria decorata, 448. 

Scanes, J., 75. 

Scaphites Geimitzt, 14. 

Scratchalls Bay, 91. 

Seaford, 37, 38. 

Seberton, 59. 

Seltscothon planus, 22. 

Selwicks Bay, 283, 286. 

Senneville, 296, 298. 

Senonian, 3, 295, 300, 362. 

Septifer lineatus, 16. 

Serpula, species of, 18. 

Setques, 290. 

Sewerby Park, 287. 

Shakespeare’s Cliff, 140. 

Shalcombe, 93. 

—— Down, 90. 

Shalbourne, Vale of, 195. 

Shapwick, 122. 

Shaw, 203. 

Shawford, 62. 

Shell-fragments, 303, 307, 317, 522, 
327, 331, 336, 340, 343. 

Shepreth, 389. 

Sherborn, C. D., 4, 28, 144. 

Sherborne, 385. 

Shilleto, N., 388. 

Shiplake, 218. 
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Shipp, Mr., 123. 

Shootend, 82. 

Shoreham, 50, 358. 

Shudy Camps, 239. 

Sibertswold, 150. 

Siphonia Kenigi, 22. 

Skertchly, 8, B. J., 241, 243, 384, 385 

Smeaton, Mr., 379. 

Smith, E. A., 366. 

——, C. H., 380. 

——, M., 202. 

Solariella gemmata, 15, 16. 

Somerset, 125. 

South Downs, 404. 

South Sea Landing, 286. 

Southerham, 46, 48, 307, 400. 

Southington, 188. 

Sowerby, Rev. J., 416. 

Sparsholt Down, 201. 

Spettisbury, 121. 

Spheres, 304, 316, 317, 327, 331, 335, 
340, 348. 

Spicules, see Sponge. 

Spondylus dutempleanus, 16. 

—— latus, 16, 451- 

—— spinosus, 16. 

Sponge spicules, -303-305,! 308, 316, 
336. 

Spongida, 20. 

Springs, 425. 

St. Ann’s Hill, 195. 

St. John’s Station, 167, 168. 

St. Margaret’s Bay, 135, 141, 143, 144. 

——— Chalk, 1, 6, 7, 135. 

St Mary Bourne, 184, 194. 

St. Omer, 4, 290. 

St. Oswald’s Bay, 105 

St. Valery, 298. 

Staniland, M., 360. 

Stapleford, 74. 

Stather, J. W., 2, 282, 284-288, 459. 

Stetchworth, 238, 355. 

Stevens, J., 184, 187. 

Stevenage, 226, 232. 

Stichophyma tumidum, 22. 

Stinsford, 112. 

Stockbridge, 63. 

Stoke Hill, 184, 185. 

Stomatopora Dixoni, 18. 

—— gracilis, 18. 

Stour Valley, 116. 

Stourpaine, 116, 320. 

Stowmarket, 235. 

Strahan, A., 46, 88, 89,£93, 97-99, 
103, 108, 109, 112,£219, 220, 204 
323, 373, 400, 401. 

Strangways, C. Fox-, 280. 

Stratford, 78. 

Streatham, 172. 
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Streatley, 203. 

Strombeck, A. von, 10. 

Stroud (Kent), 164, 168. 

Structure of Upper Chalk, 302 ef seq. 

Studland Bay, 101, 329, 339, 357. 

Sturminster, 122. 

Stutton, 235. 

Subsidence, evidence of, 367. 

Subterranean stratigraphy, 435 

Sudbury, 244. 

Suffolk, 235, 240.° 

Surrey, 172, 395. 

Sussex, coast of, 28. 

——, inland parts of, 45. 

Sutton Scotney, 190. 

—— Waldron, 116. 

Swaffham (Norfolk), 253, 256, 304, 
386. 

Swanage, 98, 319, 320. 

Swanland Mill, 278. 

Swanton, 258. 

Swindon, boring at, 441. 

Swyre Head, 104, 105. 

Sydling, 118, 119. 

Synechodus dubrisiensis, 14. 


Taplow, 206, 207, 219, 323, 372, 400. 

Tarrant Crawford, 122. 

Taylor, R. C., 256, 384. 

Teall, J. J. H., 310, 329, 341, 346. 

Terebratula carnea, 18, 21. 

—— semiglobosa, 18. 

Terebratulina gracilis, 18, 23. 

—— Gisei, 18, 23, 

—— Rowei, 18. 

—— striata, 18. 

Textularians, 303, 322, 327, 340, 347. 

Thames Haven, 437. 

——, Valley of the, 205. 

Thanet, 145. 

Thecidium vermiculare, 18, 23 

Therfield, 236, 

Thetford, 255. 

Thorncombe, 121, 123. 

Thornwick, 280, 281. 

Thorpland, 258. 

Thresh, Dr. J. C., 436, 441, 442, 443. 

Tidcombe, 195. 

Tisted, East, 58. 

Toller Whelme, 119. 

Tomes, R. F., 83. 

Topley, W. H., 404. 

Totternhoe Stone, 381, 398. 

Touraine, 362. 

Tourmaline, 301, 312, 319, 341. 

Townsend, Rev. 8., 193. 

Trigonosenvus elegans, 18. 

Trimingham, 5, 12, 249, 261, 340, 342, 
346, 359, 374, 375. 
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Tring, 223, 224. | 

Trochus Schlitert, 16. 

Turbo Geinitzi, 16. 

—— gemmatus, see Solarvella. 
Turonian, 295, 300, 362. 
Tuttle, F. J., 393. 


Ufford, 79. 

Uintacrinus westfalicus, 20, 37, 80. 
Undulations of Chalk, 429, 436. 
Unicardium ringmeriense, 454. 
Unconformity of Eocene, 12. 
Uplands, Chalk, 414. 

Urchfont, 194, 354. 


Valenciennes Farm, 224. 
Valleys in chalk districts, 418. 
Ventriculites mammillaris, 17. 22. 
—~— other species of, 22. 
Verruculina plicata, 22. 

—— Reussi, 22. 

Vervins, 293. 

Villedieu, 297, 299. 
Villéquier, 296, 297. 
Vincularia disparilis, 1® 

—— santonensis, 18. 


Wadeford, 126. 

Walker, Mr., 391. 

Wallington, 226. 

Walmer, 136, 144. 

Wangford, 243. 

Wantage, 202. 

Wardour, Vale of, 69, 406. 

Wargrave, 218. 

Warminster, 71. 

Warmwell, 112. 

Warming Camp! Hill, 53, 56. 

Warrington, R., “440, 

Waters, analyses of, 443, 444, 

—— supply, 425. 

Wattisfield, 244. 

Way, Prof. J. T., 357, 385. 

Weaverthorpe, 283, 

Weighton, 280, 282. 

Wells (Norfolk), 258, 259. 

Wells sunk in chalk, 435. 

Westbury, 194. 

Westlake, E., 4, 10, 78, 183, 184, 186- 
188, 190, 459. 

Westley Waterless, 237, 355. 

Weston (Herts), 227. 

—— (Hants), 190. 

Weybourn, 260. 

Whaddon, 81, 331, 334. 
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Whatcombe, 121, 122. 

Wherry spring, the, 433. 

Whitaker, W., 1, 91, 93, 135, 144- 
147, 156, 166, 167, 184, 195, 207, 
212, 224, 227, 246, 253, 391, 422, 
428, 433, 436, 439, 441, 444. 

Whitcombe, 112. 

Whitchurch (Bucks), 215. 

—— (Hants), 183, 187, 188, 190. 
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PLATE IX, 


Fic. 1. 


Cuatk Rock, MepmMenHam, Bucks. 

a.a. Echinoid fragments present in nearly every specimen of the 
chalk at this horizon ; 4. a sponge spicule ; ¢. Cristellaria ; d. Pulvinu- 
lina ; e. Globigerina ; f. grains of glauconite ; g.g.g.g. minute tubular 
holes, probably casts of minute sponge spicules present in most speci- 
mens of Chalk Rock. 


Fie. 2. 


CuaLk Rock, Hitcuin, Herts, sHOWING A PORTION OF A PHOSPHATIC 
NODULE. ~ 
a. the nodule ; 4. the matrix ; ¢.«. Echinoid fragments ; d. Globi- 
gerina ; ¢.¢.¢.e.e. minute tubular holes ; f. grain of glauconite. 


Note.—This Plate follows on from Plate VIII. in Vol. IT. of this Memoir. 


Plate 1X. 


, a g 
Fig. 1. Chalk Rock. Medmenham. 
x 22 diam. 


Fig. 2. Chalk Rock, shewing portion of nodule. 
Hitchin. 
x 22 diam. 
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